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MILr^ARY OMaCULUM MMEKEALS • , 

Hie ndlitaiy-d^lqped ojorricnilurn naterials in this cjourse 
pacicage were selected by the National' Center for Research in 
Vocational Education Military Curriculum Project for dissent- 
ination to the six regional .Curriculum Coordination Centers and ' \ , 

other instructional materials agencies • The purpose of * / 
disseitinSLting tliese courses was to make curriculum 'materials 
'developed by the military more accessible to vocational 
educators in "the civilian setting. . - • c ^ ' ' ' \ ^ 



Hie coiirse materials were aKijiiired, evaluated 1^ project 
staff "and practiticx^ers in the* field, ^nd prepaired for 
disfsOTin^tion. Materials which were specific to the -rdlitary ^ 
were deleted, copyrighted maj:erials were either onitted or appro- 
val for their use was obtiained. These course packages contain ' 
curribiilum resource materials which can, be adapts to suj^rt 
vocational instruction and curriculum development. \ 



/ 



The National Center 
Mission Statement 



The National Center for Research in 
^ Vocational Education's mission- is to- increase 

the ability of diverse agencies, institutions, - 

and organizations to solve educaticrnal prob- 
, lems relating to individual career planning, 

preparation, and progression. The National 
.Center fulfills its mission by: 

Generating knowledge trough research 

• Developing educational programs and 
pro^fucts ^ 

• Evaluating individual program n^ds 
and outcomes * 

• Installing educational programs and ^ 
products 

• Operating information systems and 
services 

• Conducting leadership development and 
* training programs 

FOR FURTHER INFORMATION ABOUT . 

Military Curriculum Materials ^ 
WRITE OR CALL " . ' 

Program lnform^tlon Office ^ 
The Nationaj Center for Researcfl in Vocatiohal 
Education , ^ 

' , The Ohio State University ^ 

/ 1960 Kenny Rodd. Columbus. Ohio 43210 
U . 4 Telephone: 614/486-3655 or. Toll Free 800/ 

Q 848 4816|With{n ^he continental U.S. 
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Ififorrnnlion and Field 
Scrvicor, Dh'iolon 



Tho l!afioml Center for Rcnoorch 
in VocoUonnI Education 



Military 

Curficuflum Materials 
Dissemination Is . . . 



What Materials 
Are Available? 
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How Can These 
Materials Be Obtained? 



an activity to increase the accessibilily of 
military developed curriculum materials to 
vQcational and technical educators. 

This project, funded by the U.S. Office of 
Education, includes the identification and 
acquisition of curriculum materials in print 
form from the Coast Guard, Air Force, 
Army, Marine Corps and Navy. 

<i * , 

Access to military curriculum materials is 
V provided ihribugh a "Joint Memorandum of 
^ Understanding" between^the U.S. Office ot 
Education and the Department'of Defense. 

' The acquired materials are reviewed by staff 
and subject matter specialists, and courses 
deemed applicable to vocational and tech- 
nfcal education are selected for dissemination. 

The National Center for Research in 
Vocational Education is thn U.S. Office of « 
Education's designated representative to 
acquire the materials and conduct the project 
activities. 

Project Staff'. . 

Wesley E. 8udke, Ph.D., Director 
National Center Clearinghouse 

Shirley A. Chase, Ph.D. 
Project Director 

ERIC ^ 



One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
each have been providecl to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi- 
nation. • • , ' 

Course fnaterials include programmed 
instruction, curriculum outlines, instructor 
guides, student workbooks apd technical 
manuals. 

The 120 courses represent the following 
si;<teen vocational subject areas: 



Agriculture 
Aviation 
Building & 

Construction 

Trades 
Clerical 

Occupations 
Communications 
Dnifling »• ' 
Electronics 
Engine Mechanics 



Food Service 
Health 

Heatings Air 
Conditioning 
Machine Shop 
Management & 

Supervision 
Meteorology & 

Navigation 
Photography 
Public Service 



The number of courses and the subject areas 
represented will expand as additional mate- • 
rials with application to vocational and 
technical education are identified and selected 
for dissemination. 



Contact the Curriculum Coordination Center 
in your region for information on obtaining 
materials (e.g.. availability and cost). They 
will respond to your request directly or refer 
you to an instructional materials agency 
closer to you. 
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Expires July 1, 1978 



Court* Dttcftptton- 



This IS ttit fiqt section of a four-pirt courze to,train environmentti support sptcialists. The course includes training in water treatment plants, 
operating procedures for solid waste disposai, and mainjenance of water and waste processing system components. This sectibn gives an introduction 
to waste and waste processing, and discusses water and water analysis. It consists of two blocks of instruction covering 71 hours. < 

Block I - Introduction to yVsfte 9nd W9Zt9 Proc9Utng conttins one lesson on basic mathematics covering 10.5 hours of instruction. Pive other 
lessons dealing with the course or^sntation, Sweer field progression and training, communications security, technical publications, 
and resources and work torce management were deleted. 

Block II - Wat9r9nd Water Anaiysts contains seven lessons covering 60.5 hours of mstruction. The lesson topics and respective hours follow 
Basic Chemistry (18 hours) ... ' *' 

Air Force Water Requirements (2 hours) < 
Sources and Characteristics of Water (4 hours) 

Laboratory Safety (1 hour) ^ v 

Collecting and Labeling Water and Wastewater Samples (2 hours) 
Water Analysis (18 hours) 
Wastewater Analysis (15.5 hours) 

This section contains bothr teacher and student materials. Printed instructor matenafs include lesson plans with an outline of teaching steps ^nd a plan 
of instruction detailing the units of instruction, the duration of the Jesson, objectives, and support materials needed. Student matenals include two 
study guides containing objectives, assignmenu, text readmgs, and review questions, two workbooks containing exercises and lab work, three programmed 
texts on fractions, decimals, and physics; and a laboratory manual. . 

Several military technical* manuals and commercially produced texts were also referenced but are not provided. Audiovisuals recommended for the entire 
four sections but not provided are. 20 films, 3 slide <*u, and one schematic diagram. This section should be followed by EnvironmenUl Support 
Spectalist, Blocks lll-VII (1 7-5). It can be presented in a large group instructional setting or adapted for individualized study in waste treatment or 
ecology courses. • * ' ♦ 




CHANGE NOTICE 



POI 3ABR56631 



(PDS Code AWT) I 



PUN OF INSTIVCTION 
(TMliiMi Traiiiif) 



JlNVmONMENTAL SUPPORT SPECIALIST 




^ SHEPPARD TECHNICAL TJIAINING CENTER , 

6 Jxmel975.- Effective 20 June 1975 with Class 750620 
.. Changed 25 September 1975 - Effective with Class 750818 



' MODIFICATIONS 

ot this publication has (have) been deleted in • 

adding this material for inclusion' in ^he "Trial' Implementation of a 
Model System to Provide Military Curriculum Materials for Use in Vocational 
and Technical Education/' Deleted material involves extensive use of 
military forms, procedures, systems; etc. and, was not considered appropriaoe 
for use in vocational and technical education. 
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PLAN OF MSTRUCTiON (Confinued) 



.•N »5 r» HnrRUCIION AND CRITERION CBJ£CTlv£S 



b. Given several Incomplete statements 
concerning man-hour accounting and work 
request Initiation and processing, select from 
a* list of word? or phrases the correct 
response to complete Uie statement. ' 

c. Using AF suf^ly ipanuals and, catalog^ 
locate stock numbers and standard nomencla- 
turer of desired equipment*^ 

' d: Given the condition of equipment, . 
determine the color of tag used to indicate its 
condition. 

Given specific information, issue an 
item of equipment using AF Form 1297, 
Temporary lisisue Receipt. 



f. Qiven related Information, identify 
the individual directly and indirectly 
responsible for AF property. ' 

6« Basic Mathematics* 



• a. Solve problems gowdsting of whole 
numbers by4ising addition, subtraction, multi- 
plication, and division. 

b. Solve problems con^isHnt of fractions 
by using addition, subtraction, multiplication, 
and division. 



rDU&ATION 



(1.5/0) 



SUPPORT UATERUwS ANJD CUIDANCF 



(2/0) 



(0.3/0) 



Instnictioaal Materials 

SO 3ABR56330-I-5, Resources and Work Force Management 
:WB 3ABR55330-I-5-P1, Civil Engineer Work Force Management 
lAF'Form 332 - Wdrk Request 

!af Form 1734 - BCE Daily Work Schedule • 

AF Form 1297 - Temporary Issue Receipt 

Equipment Condition Tags 
'gsA Catalogs 

• Tr aining Methods ' ^ 

Discu)5Si(in (4.hr8) 



%y4Performance (2 hrs) ^ 

lytructienal Environment /Design 
/j/Qv j Classroom (4 hrs) 
^ ' J Laboratory (2 hrs) 

: Group/Lockstep^ * 

Instructional Guidance 



(0.7/0) 



Issue a GSA catalog to each student to complete workbook project. Make 
sure that each student identifies at least one tagged piece of equipment. 



\ 



10. 5 Column 1 Refe rence 
(10.5/0) eaT'^TlSc 
Days 4 
and 5 
(2/0) /6d, 6e 



STS Ref erenc e 

fari), 7d(2), 7d(3), 7d(4), ?d(5). 7d(6), 
7d(7), 7d(8), 7d(9), 7dflO), 7d(ll),7d(12) 
7d(13), 7d(14), 7dfl5), 7d(16), 7d(17) 
Hi 



/ / Instruct ional Materials « ^ . 

(2/0), SG'JabR56330-T-€, pasie Mathematics of Water and Wast^ Processinrf 
^ WB 3ABR56330-f-6-Pl^ Basic Mathematics of Water and Waste 
Processing ♦ ' 



.3ABR50330 



o June 1975 
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PLAN OF INSTRUCTION (CtntinaW^ 



-N •$ OF •NSTRUCTION ANO CRITERION OBJECT . £« 



DURATION 
^ (HOUHS) 



SUPPORT MATERIALS AND GUIDANCE 



c. Solve problems consisting of decimals 
by using addition^ subtraction^ multiplication, 
and division, 

d. Solve problems for area, consisting 
of squares, rectangles^ and circles, 

e« Solve pr^Mos in volume, ratio, 
and proportion, and use math formulas. ^ 



7. Related Training (identified in the course \ 
chart) 

! 

8* Measurement Test and Test Critique ! 



(2/0) 



(2/0) 



2TPT-5111-01, Basic Mathematics - Fractions 
2TPT-5111-02, Ba^ic Mathematics - Decimals 

T raining Methods 



Discussion (1 hr) 
Performance (9^5 hrs) 



(2.5/0) i Instructional Environ m ent/Design 
' Classroom (1 iir) 
Labor^ry (9.5 hrs) 
Group/CiOckstep 



Instiructional Guidance 

Discuss the need for basic mathematics and show typical pjoblems 
used in water and waste processing. Issue scratch paper to each. * 
student* Each student will do his own work. Solve as many problems 
as time will permit. * 

Self-study packages 2TPT-5111-01, Basic Mathematics - Fractions, and 
2TPT-5111-02, Basic Mathematics - Decimals, will be accomplished In 
the classroom. 
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(1.5/0)^ • ^ 
Day 5 



^ . • = ONNC 3ABR56330 
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PLAN OF IH$TRUCnOH 


COURSE TITLE 

* 

Environmental Support Specialist 


f ' 1 

Water and Wastewater Analysis . ^ • 


In := N5T9UCTION ANo CRtreRioH objectives 


DUKATION 
(HOU«S» 

2 


Sl-PPORT MATERIALS AND uUIJAN.-f 

3 


1* Basiq Chemistry 
« 

a. Provided definitions of Qhemical terms 
an(l a list of element s, radicals, and formulas, 
identify each with its proper term, symbol, 
formula^ or radical. 

* 

b. Given a list of acids, bases, and salts, 
identify epch by writing its proper formula and ' 
from given formulas, determine which ones 
are acids, bases, and saltls. 

c. Provided with a list of symbols and 
radicals, write formulas for the resulting 
compounds* 

d. Given incomplete chemical equations, 
write a balanced equation for ^ach reaction • 


' 18 

(18/0) 
Days 6, 7, 

and 8 

(10/0) 

t 

(2/0) 

(2/0) 
(4/0) 

1 


Column 1 Reference STS Reference 

la^ lb, Ic, Id 7d(l), 7d(2), 7d(3), 7d{4), 7d(5), 7d(6), 7d(7), 

7d(8), 7d(9), 7d{10), 7d(ll), 7d(12), 7d(13), 
7d(14)/7d(15), 7d(16), 7<f{17) 

Instruction^ Materials 

SG 3ABR56830«n-^l, Basic Chemistry ^ 
WB 3ABR56330-II-1-P1, Introduction to Basic Chemistry 
WB 3ABR56330-n-l-P2, Testing Acids, Bases, and Salts 
2TPT-5120-03, Basic Physics, Matter 

Audio Visual Aids 

Periodic Chart -tv 

Training Methods \ 
Discussion (8 hrs) • ♦ 
Performance (10 Iirs) 

Instructional Environment/Design ^ 
Classroom (8 hrs) ' 
Laboratory (10 hrs) 
Group/Lockstep. 

Instructional Guidance 

Use2TPT-5120-03 in.Day6, WB3ABR56330-n-l-Pl mDay7. ruid 

WB 3ABR56330-II-1-P2 in Day 8. Emphasize solely in Day 8 

wlien handling acids and bases. Demonstrate the ionization of solutions. 


o.*N'.r . 3ABR56330 


i*-t : June 1975 


Kuc - MO. 11 — 1 7 



1^ • '. . 4^ 
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PLA^ OF INSTRUCTION iGmti 


nu*4 


.N OF N^IHOCTIOH AHO CR»T6S :n rs.::- .£f 


J (HOURS) 


3 


SUPPORT MATERIALS AHO 3AHCE 


4* Air rorc6 waier iteijiurenienis 


2 

(2/0) 
Day 9 


* • 

Colunm 1 Reference STS Reference 
2a igil)^ % 7k 
2b 71 


2« using reuuect inioriQEiion« list the 
Air Force watei) requirements for domestic^ 
fire^ and industrial wmter. 


(1.5/0) 


Instructional Materials 

SG 3ABR563S0«n*'2, Air Force Water Requirements 
W^3ABR58330d[I-2-Pl, Air Force Water Requirements 


b. Given related information, list the 
conservation measures of water. 


(0.5/0) 


Training Methods 
Discussion (1 hr) 
Performance (1 hr) 


ft 


i 

1 

1 

1 

f 
i 
1 

> 1 


Instructional Environment/Desi^ 
Classroom (1 hr) 
Laboratory (1 hr) 
Group/Lockstep 

Instructional Guidance 

Explain the difference in domestic and industrial water. Emphasize 
the need for water conservation. Emphasize conservation methods. 


3. Sources and Characteristics of Water 
* 


1 

4 ; 

(4/0) • 
Day 9 


Column 1 Reference STS Reference 

3a, 3b, 3c 7g(l) , ' 


a. Given related information, list the j 
common sources of water. j 

1 

1 


(1/0). 






•-..•..= 3ABR5':33j I 


' 6 June 1975 


^5.0.. HO 11 \ ' « 
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PLAN OF INSTRUCTION (q«ntinvtd) 


^ ^ UN ;« \5-i;.C^ ON AND CRITEHIOM OBJECTIVES 


DUKATION * 
J (HOURS) 


SUPPpRTftATEtflALS 4Kr :4NCE * ' 


• b* .Given Iho types of impurities that 
. may be found In water and the sources of 
water, Identify the impurities that are 
normallv found in hicfh low imntmfR in oonti 

■fill ftwuiAV* AM iug<l EWW * "■^'^'ll^rr JLU t?AV»ll 

TsourceJby comparison^ 


(2/a) 


Instructional Materials * , ') 




SG 3ABR56330-n-3, Types arid Characteristics of Water Sources 
WB 3ABR56330-n-3-Pl, Common Impurities In Water SuppUes 

Training^Methods . / 


c* Given a lisf of ^water characteristics, 
- write the impurities that will cause each 


(1/0) ' 


Discussion (3»5 hrs) 

^Performance (0,5 hr) ' ' , 

Instructional EnvironmentA>esiiai 




• 


Clst^sroom (3«5 hrs) - V 
Laboratory (0. 5 hr) ^ 
Grpup/Lockstep 


• 




Instructional iGuidance 






Discuss the major differe.nces in surface and ground water and the 
imparities normally ^found in each. Discuss the advantages and 
disadvantages of each water source. 


4. Laboratory Safety 

r 


(1/6) i 

Day 10 : 

' ' ! 


Column 1 'Reference STS Reference 

4a . 7a 

4b . • 7b ^ 


a. Following oral* instructions, apply 
precautions when handling reagents and 
. chemicals « 


(0.5/0) ! 

'- 


Instructional Materials 

SG 3ABR563iO-n-4, Laboratory Safety 

WB 3ABR56330-n-4-Pl, Laboratory Safety 


b. Given ^ctual laboratory equipment, 
deterroi^ie proper selection, care and use of 
the equipment durini? water and wastewater 
an;Aysi8. 

r 


,(0'5/0) 


Audio Visual Aids 

TVS-"^410, Safety in the Chemical Laboratory * 

Training Equipment 

ES^ratory Testing Equipment (1) 

Laborator,y Safety Equipment (1) * 


3Aim55330 


6 June 1975 j jj * ' V ' ^ ' 
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PLAN OF INSTRUCTION (C*ntinyt4 



S>T»?UCTI0N AND CRITERION OBJECTIVES 



OUHfATlON 
^ tHOUftS) 



SUPPORT MATERIALf ANC : 



5. Collecting smd Labeling Water and 
Wastewater Samples 



. a. Following written instructions, " 
collect and label a water sanipl^ for testing; 

b. Following v'ritten instructions,' 
collect and label a wastewater sample for 
testing. 



3ABR55330 



Training MeUiodg 
Diacussion (0.8 hrj 
DemonstraUion (0.2 hr) 



2 

f2/0) 
Day 10 

(1/0) 
(1/0) , 



Injrtrqctionml Environment/besign * 
Classroom (0.8 hr) 
L^oratory (0. 2 hr) ' 

Grbup/Lockstep ^ . 

jtostructional Guidance 

Discuss proper methods for handling laboratory glassware. Emphasize 
emergency procedures for removal of chemical spillage. Discuss safety 
film after showing. 



Column 1 Reference 
f5a 

15b ^ 



STS Refe rence 
7c 



Instructional Materials 

SG 3ABR58330-n-5, Collecting Water and Wastewater Samples 
WB 3ABR56330-^n-5-Pl, Collecting Water and Wastewater Samples 
583X0 Career Ladder Laboratory Manual - All Courses 

Addio .Visual Aids . 
|Schematic of Sewage Plant 

Tra ining'Equip ment 
Water Sample Boltle (1) 
Wastewater Sample Bottle (1) 



i Trai ning Methods 
DFscussion (1 hr) 
Performance (1 hr) 



'6 June 1975 



n 
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PLAN OF INSTRUCTION (CMitimi»4 

— f — *- — : E • 


^ * UNITES OF INSTRUCTION AND CRITEKtON DftJECTIVES 


DURATION 
y(HOUR$) 


3 


sOfport materials and guidance. 


t 

/ 

6. Water Analysis 

a. Following written ins^ructicms^ " , 
observing safety precantions, working as a 
team, and using the coiorimetric testing 
method, determine the amount of chlorine, 
turbidily, color ^uorideis, iron, sulfate, and 
pH In prepared water samples within + 15 'per- 
cent of that present. 

b. Following written instructions, 
observing safety precautions, working as a 
team,^aiid using the volumetric testing method, 
determine the amount of hardness, alkalinity, 
.ciuux^iueo, «uia cxroon uioxiue in prepareo ' 
water samples within + 15 percent of that 
present. 

c. Using a laboratory thermometer and 
following written instructions, measure the 
temperature of a water sample to + 1®. ^ 


18 
(18/0) 
Days 10,11 
12 and 13 
(«/0) 

(6/0) 

> 

(1.5/0) 

> 


InstructioiJial Environment/Dcsifoi * 1 
Classroom (1 br) 

Laboratory (I hr) * ^ . 
Groap/I^ockstep 

iBsttuctional Goidaoce ^ ' ~^ 

Direct Qe ^dents to the demindralizer, latrine wash basin, drinking' , 

foantain or laboratory ;nrater tap to obtain water sample! 

Direct the students to the sewage trainer for the wastewater sample. 

Column 1 Reference ST3-Re<fei£dce 

, 7a7 Tb, 7d(l}. M?). 7d(5). 7d(7). 7d(9). , 
7d(ll). 7d(16). lir{4)7lil(5r^ 
6b 7a, Tb, M3). 7d(4). 7d(14i. 7d(17) 

6c 7d(8). liHeT • ^ ' • 

6d . ■ 7a, 

6e 7d{12yr7d(15) 

6f 7a, 7b, 7d(13) 

• * 

Instractional Materials 

SG 3ABR56330-n-6, Water Analysis 

W!b 3ABR56330-n-6-Pl, Determining Types of Hardness ' 

WB 3ABR45330-n-6-P2, Problems on Alkalinity 

563X0 Career Ladder Laboratory Manual-411 Courses 

Audio Visual Aids ^ 

TF 6197-a, b, and d. Methods of Water Testing 

J' • • 

Training Equipment < * ' ' 

Laboratbry Equipment (1) 

Dire<?t Reading Colorimeter (2) ' 

Water Analysis Kit (2) * ' 

Electric Lab Stirrer (2) 
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UNITS or INSTftUCTION ANO CMTCmON OftiCCTlVCS 

1 . .V 


OUKATtON 
^ (HOUKS) 


* * SUPPOUT MATCKIALS ANO GUIOANCi 

) 


d. FollMinff written Insbroctlons, 

. cbMrrisg nfety precwtioni^ woxUnf m a 
tM»t «d aMng « elMtric meter determine 
Uie (0 of it^water nmple to 4^ 0.5 pH unit. ^ 

e. Given rel«ted\n(6rnuitloQ, itaiie tbe 
melliod need to perfonia the ph08{)bite and 
tfieateet. 

U Using^tejit^egixipment end written' 
inetmctions, perfdrm tlie ]ar teat to determine 
mInintMni diemieil domge. _ ^' 

* 

7. Weetefwater Analysis \ 

' a« Following written infll||ctions9 aeing 
laboratory equipment, obsenflnafety precau- 
tiona, and working as a team^fperform a 
diaaolTed oxygen test on a prepared water 
sample^to ± 2 ppm. . « 

b. Using an Imhoff cone and written 
instructions, working as a team and observing 
safety precautions,, determine the volume of 
setQeable solids in a wastewater sample to 
+ 5ml/l. 


(1.5/0) 

(1-5/0) 
(1.5/0) 

15.6 
(18^5/2) 
Daya IS, 
14 and 15 

(3/0) 

(1/0) 


TrainiwMetboda 
DiaconioQ (2.5hra) 
DemputMticm (2.5 hra) 
Performance (IS hr^ 

Inatractlonal EnviromnentA>ealcn 
Claanoom (2.5 bra) 
Laboratory (15.5 lira) 
drdap/tiOdutep 

Inatructioaal Guidance 

OenuMtttrate tbe aae of laboratory equipment aaii« the four oMUioda of 
teatinff*. Prepare all water aamplea for the day*a Inatructiotta. 
DemoDBtrate tbe teat for polyphoaphatea and tflicateii. OiaouM the 
inetbod of teating for radioactivity. ShQ# film before performance in 
laboratory. 

• 

Colunm 1 Reference STS Reference 
»a -.0 W(WJ. ilk, 111(7) 

7b • . Ilk. imm . 

.7c - Ilk lililiW. llKlXd). lll(l)(e) 

Id ' MiUDfb) 

7e Ilk, 111(2), j^lfi) 

Instructional Ifateriala. 

SQ 3ABR5eSS0^n-7, Waatewater Analysis 

WB 3ABRS6S3b-n-7-Pl, 0perating4he Blue M Lab-Heat Muffle Furnace 
AFM 85**14, Maintenance and Operation of Sewage and Industrial 

Waate Plants and Systems 
563X0 Career Ladder Laboratory Manual-^ All Courses 
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PLAN OF IHSTRUCTION (C««tlnv«4 


UNITS OF iNStKUCTIOH AND CfflTEKION OBJECTIVES 

1 


DURATION 
^ (HOURS) 


SUPPORT MATERIALS AHO GUIDANCE 

3 


c. Using the gravimetric method of 
testing and following written instructions^ 

: woxUng as a team and observing safety pre- 
: caotibns, determine the amount of suspended 
i solids^ 'total solids^ and volatile solids in a pre 

spared wastewater sample within + 15 percent of 

thatpresent* 

d. Using the test results from the total 
and suspended solids testS) compute the - 
amount of dissolved soUds in a wastewater 
sample. > , 

e. Using laboratory equipment and 
fbUowing written, instructions, working as a 
team aind observing safety pi^ocautions, cor- 

> ^rectly prepare fiie samples needed to deter- 
' 'mine biochemical oxygen demand and relative 
stability of wastewater. 

J. 

» 


(7.5/2) 

(0.5/0) 
(1.5/0) 


Audio Visual Aids 

TF 6197-c, Methods of Water Testing 

Training Equipment 
Laboratory Equipment (1) 
Prepared Wastiewater Samples (1) 

Drybig Oven i[i2) . / 

Mi|[fle Furnace (12) 

Analytical Balance (6) 

Eledtric pH Meter (2) 7 

Water Analysis Kit (2) . 

Training Methods ^ ' ^ 

Diiscussion (1.5 hrs) ^ ^ 
Demonstration (1 hr) ^ , 
Performance (11 hrs) 
Outside As^gnment (2 hrs) 

Instructional Environm%nt/Design, ^ 
Classroom (1.5 hrs) ^ 
Laboratory (12 hrs) 
Study Hall (2 hrs) 
Group/Lockstep 

Instructional Guidance. ^ ' 

iiemimscrate tne use ano care oi cne anaiycicax uaiance. UDServexne 

students in the use of precision equipment. 

Demonstrate the use of tongs when handling hot dishes/ Emphasize 
safety in using the drying ovens.' 
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PLAH OF INSTRUCTION (C^timiMt ^ . 


' : 

UNITS OF tNSTRUCTtON AMD CRtTEfllON OSJECTfVES 

1 


DURATION 
^ (HOURS) 
3 


3 


* SUPPORT MATERIALS AND GUIDANCE 






Students may perform more than one test at a time. Emphasize safety 
when handling atxtjog acids. 

Outside Assignment: 

On day 14, direct the students to review the block study guides and 
workbooks to prepare for the measurement test. 


8. Rdatad Training (as stated in coiucse 
chart) 


18 






^ 9« Measurement Test and Test Critique 


(1-5/0) 
Day 15 
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PRHCLASS PREPARATION 




' EQUIPMENT LOCATED 
■ IN LABORATORY 


EQUIMCNT 
WnOH SUPPLY, „ 


CLASSIC IKO MATCNIAL 


CNAPHIC AIDS ANO 
•UWCLAtSirigP MATgBIAL 


None 


None 


None ' 

r 
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SGI-6 
WB I-6-P1 
2TPT-5111-01 
2TPT-5111-02 



L. 



6a. Solve problems consisting of whole numbers by using addition, subtraction 
multiplication, and division. • ' 

(1) Addition - sum | 

(2) Subtraction - remainder j 

(3) Multiplication - product ? 

(4) Division - quotient 

6b. Solve problems consisting of fractions by using addition, subtraction multi- 
plication, and division. ' 

(1) Defiriition of a fraction 

(2) Types of fractions 

(3) .Parts of fractions 

(4) Rules for solving problems 
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- ' 1 ' . 

: LESSON PLAH (Port I, 6#ii«rol) CONTINUATION SHEET 




• ! 

1 




CmiERlON OajHCTIVES^AND TEACHING STEPS (Contlnut* 




\ 



6c., Solve problems consisting of decimals by using addition, subtraction, 
multiplication, ' iand division. 

(1) Definition of decimals 

(2) Reading decimals 

(3) Conversion 6f fractions to decimals 

(4) Omverslonr of decimals to fractions 

(5) Rounding off decimals 

(6) Rules for solving problems 

6d, SoiVe pi^lems for area, consisting of squares, rectangles, and circles. 

(1) <^qi;ares. 

(2) Rectangles 

(3) Circles 

] 



(1) Volume 

(2) Ra^o and proportion 

(3) |iAa^ formulas 



Solve problems in volume, ratio, and proportion, and use math formulas. j 
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Course No: •3ABRS6330 Branch Amroval: ^<iW' .^yjf^^*!^— 

Day 4 & S ' "^^Date: /tew 7*^ 



Bay 4 & 5 

PART n 
• INTROroCTION (10 Min) 
CHECK PREVIOUS DAY'S STOBY ASSIGNMENT 
REVIEW: 



ATTENTION: 



OVERVIEW: 



MOTIVATION: 



BODY (ISO MIN) 



Solve problems conaisting of 
lAole numbfera by using addition, 
sxibtraction, multiplication, and 
division* 



(1) 



Addition - sum 



(2) Subtraction - remainder 



(a) Minuend 



(b) Subtrahend 



(c) Ranainder 



(3) Multiplication-product 



(4) Division - quotient 



(a) Quotient 



4 



(b) Divisor 



(c) Dividend 



6b.^ Solve problems consisting of 
fractions, by using addition^ 
" ■ subtraction, multiplication and 
division. 



(1) Definition of fractions 



(2) Types of fractions' 



(3) Parts of fractions 



(4) Rules for solving problems 



6c. Solve problems consisting of 
/ ^decimals by using addition, 
subtraction, multiplication, 
and division. 



(l) Definition of decimals 



(2) Reading decimals 



(3) Conversion of fractions to 
deciinals 



(4) Conversion of decimals to 
fractions 



(5) Rouxining' off decimals 



(6) Rules f<>r solving problems 



APPUCATrON: 

Accomplish 2TPT-5111-01 and 
• 2TPT-f51H-02 ■ 



CCKCmSION (B»y 4) (15 Mia) 



SUMMARY: ' 



STODY ASSIGNMENT: 
SGI-^ Basic Mathematics 



I^VIEtf: 



OVBRVIEIW: 



IN1RODUCTI0N (Day 5) (15 Min) 



MOTIVATION: 
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BODY (240 Min) 



FRESOnATION: 



Solve problems for areaj, consisting 
of squares, rectangles and circles 



(l) Sqiiares 



(2) Rectangles 



(3) .Circles 



6e« Solve problem^jji volume, ratio, 
and proportion, and use math * 
fozmilas* 



(l) Voliame 



' (a) Square tank (S x & x H 



\ (b) Rectangular tauik 

^ . • (LxWxH«>7) • 



ERIC 



(c) Swisming pool 
* jLxW xAD « V)V. 



(d) Round tank 

(TTK^ X H » V) 



(2) Ratio and proportion 



(a) 



Definition of ratio 



(b) Definition of proportion 



(c) Rules for solving 
problems ' 



, (3) Math fonmilas ^ 



9 



(a) F = 9/^C° + 32. 



.(b) d = 5/9 (F° - 32) 



(c) Lbs CI =« Gal/igO x 8,3 x 
' 1,000,000 



APPLICATION: 
WB I-6^P1 
Basic Math . 



• EVALUATION: 

Evaluation by oral, written questions 
and/or observatibn of student's 
perfomance during lesson. This 
may be accaoq^ished: .during lesson for 
increased effectiveness. ' 
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C0NC227SION (15 Min) 



SUMMARY: 



REMOTEVATICN: 



SlUDY ASSIGNMENT: 

SG n-l, Basic Cheodstry 
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October 1974 




.SHEPPARD AIR FORCE BASE 



Dtsign«d For ATC CourM list 
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INTRODUCTION TO WATER AND WASTE PROCESSING 

» 

Days 1-5 
Table <rf Contents 

Project ^ Title 

I-l Orientation 

1-2 Career Field Progression and Training 

1-5 Resources and Work Force Management 

1-6 Basic Mathematics of Water and Waste Processing 



This supersedes SG 3ABR56330-1.1 thru - 6, 24 January 1974 

45 



« 



MODIFICATIONS 



_pt this publication has (have) been deleted in 
adapting this material for inclusion in the "Trial Implementation of a. 
Model System to Provide Military Curriculum. Materials for Use in Vocational 
and Technical Education." Deleted material involves" extensive use of 
military forms, procedures, systems, etc. and was not considered appropriate 
for use in vocational a\id technical education. 
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SG 3ABR56330-I-6 

BASIC MATHEMATICS OF WATER AND WASTE PROCESSING 
OBJECTIVE * 

The purpose of this study guide is to acquaint you with the basic mathematics of an 
environmental support specialist 

INTRODUCTION 

^ The term, »'basic mathematics of an environmental support specialist** applies to - 
the various formulas and mathematical problems encountered in the treatment 
pr.ocesses of water production and waste disposaL Determining scpiare feet, cubic 
feet, area, volume, calculating head, psi, rate of flow, quantity of flow, and gpm are 
some of the problems you will encounter. This information is presented und^r the 
following main topics ci this study guide; 

• DETERMINING AREA AND VOLUME 

• DETERMINING RATIOS AND PROPORTIONS 

• DETERMINING HEAD AND POUNDS PER SQUARE INCH 

This study guide will not contain all of the information you need to know; therefore. 
It is recommended that you study additional material on the subject. 

N 

DETERMINING AREA AND VOLUME 

As you know, liquids occupy space and have weight. To become a qualified 
environmental support specialist, you must be able to compute and determine surface 
areas and volumes of various containers. Of special importance are cylindrical and 
rectangular-shaped containers. 

A circle is a plane figure bounded by a curved line every point of which is equally 
distant from the center of the figure. (Refer to figure 6. ) 

The terms associated with a circle are circumference, diameter, and radius. 
The circumference is the total distance d the curved line that bounds the circle. 
(Refer to figure 6. ) 
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Figure 6. Circumference of a Circle 



Figure 7* Circle Showing Its Diameter 

The diameter o( a circle is the dis- 
tance of a straight line drawn through the 
center of the circle terminating at both 
ends on the circumference. In figure 7, 
the diameter is representeid by the 
straight line from point A to point C with 
vgojnt JB^being the center of the circte. 



The radius of a circle is one-half (1/2) the distance of fee diameter. In figure 7, 
the radius would be the distance from point "i^ to point "B" or fee distance from point 
"B*'to point "C,"*' eifeer representing one-half of fee diameter. 

« 

The area of a circle is found by using the formula A - IT R^. A equals t^ie area of 
fee circle in' square units, for exan^)le, square inches, square feet, square yards. 
The Greek letter IT , pronounced as "pie, " is used to represent fee relation of fee 
circumference to fee diameter of any circle. ;t has a constant value of 3. 14 as a deci- 
mal fraction or 22/7 as an improper fraction. r2 equals fee radius of the circle multi- 
plied by itself one time. The area represented in fee formula by "^A" will always be 
expressed in square units; square feet, square inches, or square yards. 

A rectangle is a four-sided plane figure constructed wife straight lines connected ' 
at right angles to each other. (See figure 8;) 

To determine fee area of a rectangle,"^ 
use fee formula A = LW. A equals fee 
area in square units; square inches, square 
feet, square yards. L equals fee lengfe of 
the longest side represented in figure 8, by ^ 
line AB. W equals, fee distance of fee 
shortest side of the figure represented in 
figure 8 as line AC. 

Determining area of a plane figure measures surface only. On objects or figures 
having depth or height, it is frequently necessary to measure volume or capacity. 




Figure 8. Rectangle 



To determine the volume of a cylin-j, 
dricul-shaped object, we use fee formula: 
y ^ IT r2h. V equals fee voUime alwaj^ 
exjn-essed in cubic units, whereas area is 
always expressed in square units. ^ is a 
constant of 3. 14 or 22/7. r2 is fee radius 
^ of one end of the cylinder multiplied times' 
• Itself oae time. H equals fee height of fee 
cylinder. (See figure 9. ) 



T 

tElOHT 

i 




RADIUS 



Figure 9. Cylinder Dimensions 
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To determine the volume of a rectan- 
gular object, we use the formula V = LWH. 
V equals the volume ci the object expressed 
in cubic units. L equals the length of the 
ol^ect^ W equals the width of the object* 
H equals the height of the object* 
(See figure 10. ) 



Figure 10. Dimensions of a Rectangle 

It is Very important to remember that when determining area problems, the answer 
is always in square units such as square inches, square feet, or square yards. Wheli 
solving problems on volume, the answer^is always expressed in cubic units such as 
cubic inches, cubic feet, or cubic yards. 




DETERMINING RATIOS AND PROPORTIONS 



A ratio shows the relationship between ^o numbers or things. A proportion shows 
the relationship between two ratios. Ratios and proportions may be used to solve 
problems with unknown an^w^rs. ^The formula for determining distance, rate, or time 
is derived from ratios aj^prop 



rnons 

To determine distance, ''tiielf or mu la is D =RT. To determine rate, the formula 
D 



is R = To determine time, 
distance, R equals the rate,/anc; 
For example, if a car were 



e formula is T In each problem. D equals the 
' R 

equals the time. 
t\ maintain a constant speed of 40 mph, how far could . 



itlgo in 2 hours? Forty mph waildXbe the rate, and 2 hours would represent the time 



The correct formula to use is D 



When comparing two ratios 
talk about the same units. The 



and the correct answer is 80 miles or the distance 



in^drking out a proportion, it is necessary that we 
pUowng relaj^nship may be used; X : Y : : X : Y. 
This is read ''X is to Y as X is to^Y. To solve this ratio and proportion, the product 
of the means is equal to the product of the extremes. Now, we can substitute numbers 
in the place of our letters. 



Example: A pump delivers 50 gallons per minute, 
gallon «tank. 

To solve, write the form^a: 



Find th^ time required to fill a 500- 



1. 



2. 



X : Y : 
Substitute 



X 



50 gal : 1 mlnufe : : 500 gal : Y minutes 

NOTE: .The X's must be expressed in the same units, and the Y's must also be 
expressed in the same unitsJ 



0 



3. . Application: 

"^Product of the Extremes ^ 
^50 gal : 1 minute : : 500 gal : Y minutes^ . 

^ Product of Means^ 

4. ^0 Y =500 gallon minutes. 

5. Dividing both sides by 50, we find that Y -10 minutes. 

Another formula frequently employed by water supply specialists is the "Rod 
Stream" for determining the quantity of water flowing in a channel or stream. 

1^0 find the quantity of water in a stream, two things must be known: (1) the 
average velocity of the stream in feet per minute and (2) the average cross-sectional 
area in square feet. The following formula is used: 

Q = 6.4XAXV 

Q = the quantity of flow in gallons per minute 

6. 4 = a constant factor < 

A = the average cross section in square feet 

V = the velocity of the stream in feet per minute 

To use the formula, we must first determine the value for A or the average cross 
sccliun in square feet. To do this, determine the average width and depth of the stream 
on a cross-sectional area of the stream large enough to be representative of the whole 
stream. Use the following formula: A =WD. Where: A = area in square feet, W = 
average width in feet, D = average depth in feet. 

Ne^ct. we will have to deter^mine the value for V or the velocity of the stream in 
feet per minute. To find the velocity, ^a check is made to determine the number of 
seconds It takes for a twig to float a measured distance in- the same area where the 
cross^sectional w<^ made. Then, by using a proportion, it is possible to determine the 
velocity iij^feet per minute. 

As an example, assume that a twig is put into a stream and that it floated 8 feet 
in 12 seconds, ^ 

X : Y . : : X : Y ,, • 

Feet : Sec : : Feet : Sec 
8 : 12 : : X •: 60 

f ^ ^ t 

12x=480 

.K 480/12 e . . 

40 feet per minute 

31 



00 



All o£ the necessary information is now known, so it is possible to use i\w rod 
stream formula and determine the^quantity of flow of a given stream in gallons per 
minute* * 

It should be noted that the rod stream method is a convenient way in the field to 
measure the rate of flow in a stream. However, it is subject to irregularities in the 
stream and the accuracy of human measurement, so that the results are not extremely 
accurate. However, it is possible to obtain a good estimate Joy this method. 

DETERMINING HEAD AND POUNDS PER SQUARE INCH 

Ih-ad is llicf |>n»s.surr riiuscd by a rtjlunm uf wiitor. II is pn»s.suro rxpn\ss(»d as 
Irri nf w;iliM\ It IS alwiiyM ni(»asur<H! ni a vrrtical (lirrflion and is ns<»d wIhmi lalkiiif 
alum I piintpN. 

bischai-ge head is the vertical disliuice the {wnip must lift the water. If u pump 
must lift the water 10 feet from the ground to the top of^ tank,' the discliari^e head is 
lO'feet. Therefore, the pump will have to^operate against a pressure of 10 feet of 
watei^* ' 

Suction head is the vertical distance a pump must lift water from the source to the 
pump. If a pump is drawing water from a stream and the pump is placed 5 feet above 
the stream, the suction head will be 5 feet. 

Friction head is the pressure required to overborne the friction of wat-er flow in a 
\n\yc or hose. When water is pumped through a pipe, friction head is the loss caused . 
l»v internal rcjughness and skin friction. 

Total head is the sum of the discharge head, suction head, and friction head. U is 
a measure of the total amount of pressure the gjmp must exert in order to move the 
water. 

Pressure, by definition, is the force per unit area or the force divided by the area. 
A cubic foot of water exert^ a force of 62. 4 pounds. This is the weight of the water. 
To find the pressure, we divide the force by the unit area. U the force is 62.4 pounds 
and the area is one square foot, the pressure j||S 62.4 pounds per square foot, abbre- 
viated as 62.4 psf. , ' 

The pressure in pounds per square foot is rarely used. Commonly, pressure is 
expressed in pounds peic square inch, abbreviated as psi. 

One hundred and forjty-four square inches = 1 square foot. ^ Therefore, 62.4 pounds 
aer square foot divided by 144 square inches tells us that a foot of water one inch 
square exerts .43 psi.^ Writing a formula, we have psi =feet of water X .43. 

For example, what is the pressure at the bottom of a tank ten feet high? 

Formula: psi =feet of water X . 43 

Substituting: psi = 10 X. 43 • ^ 5l 

Answer: psi =4. 3 
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Pressure i3 completely ixidepeodeat ot th^ shs^ oC the vessel. Only the vertical 
height of the water is considered* 

Two and three^tenths feet d water exert a pressure ot one psL Therefore, we 
can determine the depth of water it the psi is known. Tlie forxnuUJs: Feet water » 
psi X 2. 3. ' 

For example, a tank containij^ water of unkown depth has a pressure gage on the 
* bottom >rtiich reads six psi. How many feet of water are in the tank? 

Formula: feet water =psi X 2. 3 

Substituting: feet water =^6 X 2. 3 

Answer, feet water = 13. 8 

A cubic foq^ water contains 7. 5 gallon:!! of water. Therefore, we can determine 
gallons of water in a given container by determining the vokime in cubic feet of that 
container. The formula is: 

gallons of water = cubic feet X 7. 5 * . 

A gallon 0^ water weighs 8. 3 pounds. Therefore, we can determine the weiglit of 
;i specified volume of water if we first determine the number of gallons. The formula 
is: pounds of water = gallons of water X 8; 3. ^ 

- SUMMARY 

^ In this shidy guide, we have discussed some of the common mathematical formulas 
' used in water treatment We discussed how to determine area and volume of containers. 

We Uien discussed ratios, proportions, determination of head, and psi. These formulas 

will greatly aid you in field water treatment. 

QUESTIONS 

1. What is the numerical value of fT ? 

i'lui .surface area of a pUuie figure is always expressed in what units? 
:5. Wliat kind of units ;ue used to express volumes? 
-\ ^Nhixl does the formula V = Tf R^H determine? 
5, From the formula D =RT, explain what each letter symbol represents. 
r». Why is the **R<xl Stream** formula used? 
7, Wliat is "discharge head"? 
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8. Howndo we measure ''discharge head" ? ' . * 

9. What is meant by psl? 

10. Wliat is the psi (rf a tank containing: five feet of water if the tank.is two feet 
in diameter ^ 

11. What does a cubic foot of water wei^? 

12. What would be the weight in pounds of 20 gallons nf waterT 
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/ ■ • - . . 

MODIFICATIONS > 

^i^^ ^ o f this publication has (have) been deleted in ^ 

adjapting this material for inclusion in the "Trial Implementatioti of a * 
Model System to Provide Military Curriculum Materials for Use tn Vocational 

• and Technical Education," Deleted materia]^ involves extensive use of 

• military forms, procedures, systems, etc. and was not considered appropriate 

> 

. for use in vocational and technical education. 



ERIC 
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WB SABR56M1-I-8-P1 
BASIC MATHEMATICS OF ENVntdNlOarrAL SUPPORT 

OBJECTIVE 

The purpose of this exercise is to aid you in understanding the basic 
mathematics used in "water and waste processtog. 

INSTRUCTIONS ^ 

Complete each question below. If help is needed, refer to Study Guide 
3ABR56631-I-6* 

1. Draw a circle inside square. 

2. Draw the diameter of the circle. 

3. Draw the radius of the circle perpendicttUif 
to the diameter. 



4. How much longer is the 
raxiius? 



leter than the 



5. What decimal number dM6 if represent? 



6. Write the fonnula forM^nding the an 



7. If the circle you drew las a one-inch radius, what is the area of the circle? 



8. If a circle has a.two-indi radius, what is^ area? 



9. How many times larger is the preceding ci rcle than the one you drew?^ 
10. How much larger is a 6-inch pipe than a 3^in^p!tke? 



11. If a classroom is 25 feet v^e and 30 feet long, how many square feet of Hoor 
space are in the room?^ • , . - 



12. A swimming pool is 50 feet long, 20 feet wide, and ha^^average depth of 5 feet. 
How many cubic feet ofivaterwill it hold? 

13. If there are 7. 5 galldns of water in one cubic foot, how many gallons of water 



will the swimming pool hold? 



V 



14. An air hue installed an orerfaead water storage tank that had a diameter of 16 
feet and a tank hel^ of 12 feet. How many gallons of water will the lank hold? 

15. If a pump will dalirer 500 gallims of water per minute, how long will it take to 
fill the preceding orerhead storage tank? - 

Hint: X:Y::X:Y 
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LESSON PLAN ( Part i, GM»fei) 


APPROVAL orrtcs /^f^^T^^ /y 
TCETC/ ITJtKeTSr*'^^*'*''^ 


INSTRUCTOR 


COURSE NUMBER 

3ABR56330 


COURSE TITLE » 

Environmental Support Specialist 


• LOCK NUMtER 


BLOCK TITLE 

Water and Wastewater Analysis 


UEWON TITLE 

Basic Chemistry (Days 6,* 7 and 8) 


LESION DURATION 


Classroom/Labor ATOKY 


CCMPtCMCNTAKY 

0 ' 


TOTAL 

18 Krs * 


POr R6FER6NCE 


PACE NUMtER 

7 


PACE DATE 

6 June 1975 


PARAGRAPH 
1 


STS/CTS REFERENCE 


NUMBER 

STS. 563X0 


DATE 

28 July 1971 


SUPERVISOR APPROVAL 


SIGNATURE 


DATE 


SIGNATURE 


OATS 




4 


■ 




















PRECLASS PREPARATION 


EQUIPMENT LOCATED 
IN LABORATORY 


EQUIPMENT 
FROM SUPPLY 


CLASSIFIED MATERIAL 


\ 

GRAPHIC AIDS AND 
UNCLASSIFIED MATERIAL 


jr 


None " > 
• 


None 


SG n-1 

WBll-l-Pl 
WB n-l-P2 
2TPT- 5 120-03 
Periodic Chart 


CRITERION OBJECTIVES AND TEACHING STEPS 



la. Provided definitions of chemical terms and a list of elements, radicals, and 
formulas, identify each with its proper term, symbol, formula, or radical. 



(1) Chemical terms 

lb. Given a list of acids, bases, and salts, identify each by writing its proper 
formula and from given formulas, determine which ones are acids, bas^, and salts. 

(1) Acids 

(2) Bases 

(3) Salts 

Ic. Provided with a list of symbols and radicals, write formulas for the resulting 
compounds. ' ' ' 

(1) Derive formulas 



-^TC '^^^ 770 
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LESSON FLiM (Fart i« Cmm^ OONTMUATtOH SHEET 



CRITEKION OtJECTlVCS AND TKACMmO ittPi (CMMinw*^ 



Id. Civen incomplete chemical equations, write a balanced eqiiation for each 
reaction. 

(1) Definition , * . 

(2) Requirements 

(3) Types of inactions 

(4) Steps in writing balanced equations 
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Course No: 3ABR56330 
Days 6, 7, and 8 



PARTn. 
INTRODUCTION (15 Mln) 
CHECK PREVIOUS DAY'S STUDY ASSIGNMENT: 
REVIEW: 



Branch App.^ov^ : ^^^^ _ 



ATTENTION: 



OVERVIEW: 



MOTIVATION: 



ERIC 



BODY (1060 Min) 



PRESENTATION: 

la. Provided definitions at chemical 
terms and a list of elements, 
radicals, and formulas, identify 
each with its proper term, 
S3rmbol, formula, or radical. 



(1) Chemical terms 



(a) Chemistry 



(b) Matter 



1 States of matter 



v.. 

2 Kinds of matter 



(c) Organic matter 



(d) ]horganic matter 



(e) Substance 



(f) Elements - calcium, 
magnesiimi, sodimn, 
hydrogen, iron, 
manganese, oxygen, 
chlorine, fluorine, and 
alimiinum 



1^ Proper term ^ 



2 Symbol 



3 Atomic number 

" ■ — ^ 

4 Atomic weight 



5 Valence 



6 Equivalent weight 



SL Formula 



1 . Element 



2 Radical 

^ 

3 Compound 




(g) Atom 



1 Definition 



2 Structiire 



a Proton 



b Neutron 



c Electron ' 



(h> Ion 

1 Definition 



2 Cation 



3 Anion 



4 Radicals - CO3, 
HCO3, OH, PO4, 
SO4, NO3, NH4, 
and OCX 



(i) Compound 



1 Definition 



2 Electro-valent 
bonding 



3 Co-valent bonding 



4 Formula 



5 Molecule 



6 Molecular weight 



APPLICATION: 

Have students complete the first 
three units of WB 3ABR56330-n-l-Pl. 



EVALUATION: 

Evaluate by oral, written questions, . 
and/or observation of student»s 
performance diiring lesson. This 
may be accomplished at any tine 
during lesson for increased 
effectiveness. 



CONCLUSION (Day 6) 

SUMMARY: ' ' 

Briefly summarize main points of - 
lesson. 



STUDY ASSIGNMENT: 



1. Accomplish 2TPT-5120-03 

2. Read SG 3ABR56330-n-l, pages 
3 through 5. 

INTRODUCTION (Day 7) 
CHECK PREVIOUS DAY'S STUDY ASSIGNMENT 

REVIEW:. 
OVERVIEW: 

MOTIVATION: 



PRESENTATION: 
la. (Continued) 

0) Ionization 

1^ Definition 

2 Demonstrate * 



(k) Metal 



1 Definition 



2 Characteristics 



3 Elements and alloys 
" classed as metals 



(1) Non-metals 



1 Definition 



2 Characteristics 



^ 3 Elements classed as 
"* non-metals 



(m) Solution 



■ ^ 



✓ 

* 

1 DefiniUon 

1 

a Solid in a liqiiid 
b Liquid in a liquid 
c Gas in a liquid 



3 Solvent ' ' 



4 Solute 



5 Concentrkted solution 



6 Dilute solution 
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7 Saturated solution 



B Super saturated 
^solution 

9 Standard solution 
10 Normal solution 



(n) Specific gravity 



1 Definition 



2 Examples 



lb. Given a list of acids, bases and 
salts, identify each by writiiK its 
proper formula and from given • 
formulas, determine which ones 
are acids, bases, and salts. 
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(1) Acids-stUfuric, hydrochloric, 
carbonic, and silicic 



(a) Proper terms 



1 Ch:iracteristics 



2 Concentrated 



3 Dilute 



4 Strong 



5 Weak 



(b) Symbols and radicals 
(formulas) 



(2) Bases - sodium hydroxide, 
ammonium hydroxide, ' 
calcium hydroxide, and 
magnesium hydroxide 



13 
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(a) Proper terras 



1 Characteristics 



2 Concentration 



(b) Symbols and radicals 



(3) Salts - calcium carbonate, 
calcium biocarbonate, 
sodium chloride magnesium 
sulphate, sodium carbonate, 
magnesium carbonate, 
calcium sulphate, and 
calcium chloride 



(a) Proper termP 



(b) Symbols and radicals 
(formulas) 



APPLICATION: 

1 . Have students accomplish 
WB 3ABR56330-n-l-Pl 
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2, Provided with a list of form^as 
of common acids, bases or salts, 
select the formulas wh^ch represent 
acids and copy them in one column. 
Next, select the formulas which 
represent bases and copy them in 
a second colunm. Then, select 
the formulas representing salts and 
copy them in a third column. 

CONCLUSION (Day 7) 

SUMMARY: ' ' 

Briefly summarize main points of 
lesson. 



STUDY ASSIGNMENT: 

r 

Read SG 3ABR56330-n-l, pages 
5 through 14, and answer questions 
on page 15. ^ 

INTRODUCTION (Day 8) 
CHECK PREVIOUS DAY'S STUDY ASSIGNMENT: 
REVIEW: 



ATTENTION: 

% 

OVERVIEW: 




ERIC 
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(e) Balance electripal 
charges of cation and 

anion - write subscripts 
for cation and ajiion 
ONLY if quantity 
required is two or more 
units. Be sure to 
encbse radicals in 
parenthesis when more 
than one unit is required 



(2) Explain significance of the 
subscripts 



APPLICATION: 

Provided with a list of 7 common 
cations and 7 common anions, c^mbi 
each cation with the 7 anicxis to form 
49 formulas of compounds which 
occur as common water impurities, 
or as common waterlreatment 
chemicals. 



PRESENTATION: 

Id. Given incomplete chemical 
equations, write the balanced 
equation for each reaction. 




(1) Definition of the term 
"Chemical Equation" ' 



(2) Requirements for'a 
balanced chemical, 
equation 



3 



(3) Common types of chemical 
reactions 



(a) Combination 



(b) Decomposition \ 



(c) Displacement 



(d) Double displacement 



y 



(fi) ^Oxidation- reduction 



(4) Steps Involved in writing 
balanced chemical equation. 
(Be sure to explain the 
significance of the 
coefficients) 



ERIC 
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'^-(af^Write the formulas for the 
two reactants, followed 
by an arrow 



(b) Indicate the valence 
for all elements or 
radicals contained in 
the two reactants 



(c) Write the formulas for 
the products formed by 
the chemical reaction 



(d) Indicate the valence 
for all elements or 
radicals contained in 
the products 



(f) Check to see if the (+) 
and (-) valences of the 
of the cations and 
anions of the two 
products are balanced 



(g) When required, balance 
the (^and (-) valences 
of the cations and anions 
of the two products by 
writing the proper . • 
subscripts 
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(h) Where required, write 
the correct "coefficient" 
for the compounds 
Involved in the chemical 
equation 



APPUCAllbN: 

Have students complete the portions 
of WB 3ABR56330-n-l-Pl 
pertaining to "Solving For Chemical ' 
Equations" 

Additional practice - time permitting 
COg + = 
H2CO3 + CaC03 = 
H2SO4 + CaCOs = 

NagCOj + CaSO^ = ^ 
NagCOg + MgS04 = ^ » 
Ca(0H)2 = MgCOg = 
CI2 + KOH = 
Ca(HC0g)2 + heat = 
HCl + NaOH = 



APPLICATION: 



Have students complete WB 3ABR56330- 
n-l-P2. 



EVALUATION: 

Evaluate by oral, written questions, 
and/or obsewation of student's 
performance during lessqn. This 
may be accomplished at any time 
during lesson for increased 
effectiveness. 



CONCLUSION (5 Min) 

SUMMARY: 

Briefly summarize the main points 
of lesson. 



REMOTIVATION: 



STUDY ASSIGNMENT: 

1. Review SG 3ABR56330-II-1 

2, Read SG 3ABR56330-n-2 and -3 
and answer questions at back 
of each study guide, 

I 
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LESSON PLAM ( Port I, General) 



TCETC/17Jifff^ 



INSTRVJCTOH 



•COURSE NUMBER 

3ABR56330 



COURSE TITLE 

Environmental Support Specialist 



• LOCK NUMBER 



11 



BLOCK TITLE 

Water and Wastewater Analysis 



LESSON TITLE 

Air Force Water Requirements (Day 9) 



LESSON OURATION 



Classroom /LABORATORY 



2 Hrs 



COMfLEMCNTARY 



TOTAL 



PCI REFERENCE 



PAGE NUMBER 



8 



PAGE DATE 

6 June 1975 



PARAGRAPH 



STS/CTS REFERENCE 



NUMBER 

STS 563X0 



DATE 



28 July 1971 



SUPERVISOR APPROVAL 



SIGN A^ re" 



SIGNATURE 



DATE 



:ats 




PRECLASS PREPARATION 



EQUIPMENT LOCATED 
IN LABORATORY 



EQUIPMENT 
FROM SUPPLY 



CL 



ASStFlEO MATBfrtAL^ 



GRAPHIC AIDS AnO 
UNCLASSIFIED MATc..a:A^ 



None 



None 



None 



3G n-2 

WB n-2-Pl 



CRITERION OBJECTIVES ANO TEACHING STEPS 



2a. Using related mformation, list the Air Force water requirements for domestic, 
fire, and industrial water. • 

(1) Domestic 

(2) Industrial 

(3) Fire 

2b. Given related information, list the conservation measures of water. 

(1) Purpose 
' (2) Recognition of water waste 
(3) Conservation practices 



ATC 770 
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Course: ' 3ABR56330 ' . Branch Approval: 

Day 9 j^^'®- 

PARTH 
INTRODUCTION (15 Min) 
CHECK PREVIOUS DAY.'S STUDY ASSIGNMENT 



REVIEW: 



ATTENTION: 



OVERVIEW: 



MOTIVATION: 



2 
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BODY (1 Hr 40 Min) 

PRESENTATION: 

2a. Using related infoiHPatipo, ' 
• list the Air Force wkter 
reqxiirements for domestic, 
fire, and industrial water. 



(1) Domestic 



(a)' Home usage 



(b) Watering lawns 



(c) Swimming pools 



(2) Industrial 



(a) Domestic water that , 
needs additional 
treatment before using 
in equipment 



So 



ERIC 



(b) Treatment normally 
Includes distilling, 
demineralizing, adding 
corrosion prevention 
compounds, treating to 
prevent algae 



(c) Industrial water is 
used in boilers, base 
laundry, photd lab, 
jet engines, air 
conditioning cooling 
towers 



(3) Fire 



(a) Fire plugs connected 
to domestic mains 



(b) Domestic supply must 
be capable of siQ)plying 
large quantities 



Given related information, ♦ 
list the conservation - \ 
measures of water. 
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(1) Purpose 



(a) Waited water is wasted 
money 



(b) Added load 09 water 
plant and sewage plant 



^ (2) Recognition of water waste 



. / 

(&) Continuously running or 
" leaking faucets 



(b) Excess watering of lawns 



(3) .Conservation practices 



3 
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.(a) Programs and posters 
for conservation of 
water usage ' 



(b) Lawn watering limited 
to certain times^of day 
and certain days of 
month 



\ (c) Conservation monitor 

' who monitors the 
conservation program 



APPLICATION: ; v - 

Accomplish WB 3ABR56330-n-2-Pl 



EVALUATION: 

Evaluate by oraL -written questions, 
anS)^r obsei^israon of student's 
perfpripancf^uring lesson. Thi&^ 
may be accomplished at any time 
during lesson for increased 
effectiveness. 



CONCLUSION (5 Min) 

SUMMARY: 



REMOTTVATION: 



STUDY ASSlGNMin^T: None 



LESSON PLAN ( Parti. General) 


TCETC/lTSSfeTT*' 




INSTRUCTOR 


COURSE NUMBER 

3ABR56330 


COURSE TITLE - * 

Environmental Support Specialist 


tUOCK NUMBER 

II ~ 


BLOCK Title 

Water and Wastewater Analysis 


LCSSON TITLE ^ 

Sources^and Characteristics of Water (Davj.9) 






LESSON DURATION 








aAssxooM/LAsoAATofnr 
4 Hrs 


Complementary 

0 


TOTAL 

4 Hrs 


POI REFERENCE 


PAGE NUMBER 

8 


PAGE DATE 

6 June 1975 


PARAGRAPH 

3 


STS/CTS REFERENCE 


NUMBER 

STS 563X0 


DATE 

28 Julv 1971 


SUPERVISOR APPROVAL 


SIGNATURE 


DATE 


SIGNATURE 


DATE 
















I* 










PRECLASS PREPARATION 


CQuiPMENT LOCATED 
IN LABOR'ATORY 


' EQUIPMENT 
rROM SUPPLY 


CLASSif LED MATERIAL 


GRAPHIC AIDS AND 
UNCLASSIFIED MATERIAL 


None 


None 


None 


SGn--3 

WB n-3-pi 

% 


CRITERION OBJECTIVES AND TEACHING STtPS 


3a. Given related information, list the common sources of water. 




(1) Ground 

(2) Surface 














3b. Given the types of impurities that may be found in water and the sources of 
water, identify the impurities that are normally found in high or low amounts in 
each source by comparison. 


(1) Impurities found in water 

(2) Characteristics impurities give water 

(3) The amount of impurities in ground water as compared to surface water 



ERIC 
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8, 



Course No^ 3ABRS6330 
, Day 9 



PART II 
INlRODUCTKaj (5 Min) 
CHECK PREVIOUS DAYS SIUDY ASSIGNMENT 
REVIEl^: 



Date ; ^hJ^^J^ - ytrlT 



ATTENTION: 



OVERVIEW: 



MOTIVATION: 



86 ' 



PRESENTATION: 



3a* Given related information, list 
the conmon sources of water* 



(l) Ground 



(a) Wells 



(b) Springs 



(2) Surface 



(a) Riv^^s 



(b) lAkes 



(c)^ Oceans 



Given the types of impurities * 
that may be found in witer and * 
the sources of water, identify 
the impurities that are norroall^^ 
found in hi^ or low amounts in 
each sources by comparison^ 



(l) Impurities found in water . 



(a) Suspended solids 



(b) Dissolved solids 



(c) Dissolved gases ^ 



(2) Characteristics impurities 
give water 



(a) Turbiditj' 
I. 1^ 



(b) Hardness 



(c) Alkalinity 



(e) Odor 



(f) Color 



(g) PH 



1 pH scale 



r 



1i 



2 pH indication 



J 



a Acid 



b Alkaline 



(3) The amount of impurities in 
ground water as compared to 
surface water 



(a) Total dissolved solids 



ERIC 



i HigH in ground water 



2 Low in surface water 



(b) Suspen^:^ solids 



i High in sxirface water 



2 Low in ground water 



(c) Dissolved gases , 



1. High in 'surface water 



2 Low in ground water - ^ 



(d) Biological ^organism^.' * . 



1 High in surf a wat^i?' 



1%. 



3c. Given a list of water charact'er- 
istics, >write the impurities that* 
will cause each characteristic • 



(l) Dissolved solids 



(a) Hardness 



1 Calcium 



2 Magnesium 



3 Iron 



4 Manganese 



S * Silicon 



: \ 
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(b) Alkalinity 



1 .Hydroxide 



2 Carbonate - 



3 Bicarbonate 



(2) Suspended solids 
- (a) Turbidity 



i Sand 



2. Silt 

4 

• 3 Clay 



''4 Mud 



ERIC 
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(b) Taste, odor, color 



1,. Ba^cteria 



Z, Algae 



2, Vegetable matter 



± Iron 



5 Manganese 



^ Industrial vmste 



(3) Dissolved gases 



(a) Oxygen 




(b) Carbon dioxide 



93 
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(4) Bioiogical organisms 



APPLICATI(»I: 

\. Have students list the ccxmion 
sources^ of water 

i2i" Have students complete 
WB 3ABR56330-II-^-Pl 



EVAUJATION; 

EvalToate by oral, written questions, 
and/or observation of student's 
performance during lesson. This may- 
be accomplished at any time during 
lesson for increased effectiveness. 



C«NCU;SION (10 Min) 

SUMMARY: 



STUDY ASSIGNMENT: 

Read study guide 3ABR56330:^I -4-5-6, 
pages 30 thru 43 and answer questions 
at the end of each chapter. 
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LESSON PLAN ( Port 1, G*n«ral> 








Approval o^^*^6^^e 

TCETCnTJu&T?*''''' 




INSTRUCTOR ' ' 


COURSE NUMBER 

3ABR56330 


COURSE TITLE 

Enyironmental Suooort Sd6 


cialist 






• LOCK NUMBER 

n 


BLOCK TITLE 

Water and Wastewater Analysis 


LESSON TITLE 

Laboratory Safety (Day 10^ ^ 


LESSON DURATION 


Cl ASSROOM/tABORATORV 

1 Wr 


Complementary 

n 


TOTAL 

1 Wr 


POI REFERENCE 


PACE Ni/MaER 

9 


PAGE DATE 

' 6 June 1975 


PARAGRAPH 

4 


STS/CTS REFERENCE 


NUMBER 

STS 563X0 


DATE 

28 July 1971 


SUPERVISOR APPROVAL 


SIGNATURE 


DATE 


SIGNATURE 


DATE 


























PRECLASS PREPARATION 


EQUtPMENT LOCATED 
JN LABORATORY 


EQUIPMENT 
FROM SUPPLY 


^LASSiriEO MATt 




GRAPHIC AIDS ANO 
UNCLASSIFIED MATERIAL 


Laboratory Testing 

Equipment 
Laboratory Safety 

Equipment 


None 


None 


SG n-4 
WB nP4-^ 

TVS-24lO 


CRITERION OBJECTIVES AND TEACHING STEPS 


4a, FpUowing oral instructions, apply precautions when handling reagents and 
chemicals. 


(1) Film TVS-2410, Safety in the Chemical Laboratory 

(2) ^Laboratory safety rules 

(3) Laboratory safety equipment 






4b, Giyen actual laboratory equipment, determine proper selectioft, care and use 
of the equipment during water and wastewater analysis, 

(1) Identifying laboratory test equipment 

(2) Care of test equipment " ' • . 

(3) Application of test equipment 

^^^^ ' • 




r 
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^ Course No: 3ABR5d330 
Day 10 



Branch Approval 
Date 



• . PART n 
■ ' . • INTRODUCTION (5 Min) 

CHECK PREVIOUS DAY'S STUDY ASSIGNMENT 



REVIEW: 



ATTENTION: 



OVERVIE\^^: 



MOTIVATION: 



ERIC 



9G 



BODY (50 Mln) 

PRESENTATION: 

4a. Following oral instructions, 
apply precautions when handling 
reagents and chemical. 



(1) Film TVS-2410, Safety 

in th€*Chemical Laboratory ■ 



(a) Introduce film 



(b) Tell students what to 
look for in the film . 



(c) Discuss film after 
showing 



(2) Laboratory safety rules 



(a) Remove. jewelry 



(b) Do not waste chemicals 



(c) Smell chemicals sbwly 



(d) NeVermix chemicals 
at random 



.(e) Use protective equipment 
'as required 



(f) Do not use cracked 
' br broken glassware 



'(h) Label all bottles, , 
reagents and samples 



(1) Do not heat closed 
containers 



(g) Keep work area clean 



(j) If your skin burns or 
feels slick, wash it 
in plenty 'o^cool water 



(kj Add chemicals to water 
. . never water -to strong 
. chemicals 

t 

(3) Laboratory *safety • 
^equipment 



. (a) Rubber apron 



(b) Pace shield or 
goggles • 



(c) Rubbe r ' gloves 



(d) Asbestos gloves 



(e) Tongs 



(f) Deluge shower 

t 

« 

(g) Rubber floor mats 

(h) Eye wash 

(i) Exhaust fan or hood 



(j) 'Precautions when 
handling chemicals 



1_ Strong or dangerous 
'Chemicals should not 
^ be stored above eye 
level 



2 Ppen bottle and lay 
stopper upside dowri 



3 Pour chemicals slowly 



4 Avoid breathing fumes 



4b. 'Given actual laboratory equip- 
ment, determine proper 
^ selection, care and use of the 
equipment during water and ^ ' 
wastewater analysis. 

(1) Identifying lal?oratory 
test equipment 



(2) Care of test equipment 



(3) Application of test 
^ equipment 



APPUCATION: 

Accomplish WB 3ABR56339.n-4-Pl. 

r- 

EVALUATION": 

Evaluate by oral, written questions, 
and/or observation of student's 
performance during lesson. This 
may be accomplished at any time 
during lesson for increased 
effectiveness. 



CONCLUSION (5 Min) 

SUMMARY: " « , 

Briefly summarize main points 
of lesson. 



REMOTIVATION: ^ 

Reemphasize the Importance 
of todays lesson. . 



STUDY ASSIGNMENT: None ' 
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ESSOM PLAN ( Part I, G»nToO 



INSTRUCTOR 



COURSE NUMBER 

3ABR56330 



COURSE TITLE 

Environmental Support Specialist 



• LOCK NUMBER 



SL 



BLOCK TITue 

Water and Wastewater Analysis 



UeSSOM TITLE 



CoUectiAg and Labeling Water and Wastewate r Samples (Day 10) 



Ct AS SROOM /LABOR ATO^JY | 

-2 Hrs 1 


LESSON DURATION 
Complementary 

0 


TOTAL 

2 Hrs 


PACE NUMBER >^ 

10 


POIAEFERENCE 

PAGE DATE 

fi .T.ine 1975 


PARAGRAPH 

5 


' NUMBER I DATE 

STS f^-fiSYO 1 28 July 1971 , 




SUPERVISOR 


APPROVAL 

SIGNATURE 


DATE 


SIGNATURE * ' 


OATE 


















(9 


i 
1 

1 



PRECLASS PREPARATION 



eOUtPMENT wOCATEO 
IN LABORATORY 



Water Sample Bottle 
Wastewater Sample' 
Bottle 



EQUIPMENT 
FROM SUPPLY 



None 



CLASSIFIED MATERIAL 



.None 



GRAPHIC AIDS AND 



UNCL^SSiriEO MATERIAL j 



SGn-5 . . 

■WB n-5-pi I 

563X0 Career \ 
Ladder Laboratoryj 
Manual - All Crses? 

Schematic of Sewage^ 
Plant \ 



CRITERION OBJECTIVES ANO TEACHING STEPS 



5a. Foliowmg written instructions, collect and label a'water sample iov testing, j 

(1) pur^iose of water samplmg | 

(2) Procedures for collecting water samples ^ | 

(3) Collect and label water samples ' ' j 

5b.- , Following written instructions, collect and label a wastewater sample for 
testing.. ' , ^ . 

(1) Purpose of wastewater sampling 

(2) Types of samples 

(3) Procedures for collecting wastewater samples 

(4) Collect and label wastewater samples 
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Course No: 3ABR56330 
Day 10 



Branch Approval:- HjJ^^. J( ^^^^t/^^^j;^ 
■ Date : -^VJ^J i^^ ^V^" 



PART II 
INTRODUCTION (5 Min) 
CHECK PREVIOUS DAYS STUDY ASSIG>'MENT 



REVIEW: 



ATTENTION: 



OVERVIEW ; 



MOTIVATION: 



BODY (no Min) 



1 



PRESENTATION: 



5a^ Following vritten instructions, 
^ collect and label a water sample 
for testing. 



(l) Purpose of sampling 



(a) To plan and cpntrol 
water treatmjent 



(b) To insure quality control 



f 



(c) Sampling is needed of . 
raw water at its source 
and also at the completion 
of each phase of treatment. 



(d) Sampling is needed 

for performing chemical 

analysis and bacteriological 

uest , ^ . ' 



(2) Procedures for collecting 
watep samples 



ERIC 



(a) Sample containers — 



1)t) 



X Container should 
be clean wj-th'^'no 
.residue, mud or-^ 

* -scale in it. 



I ^ 

2 Container should be 
leak proof and 
corrosion proof. 



(b) Sampling containers- 
for bacteria testing. 



4 Glass stoppered ^ ^ y 

bjottle must be r - ^ 

used 



2 Bottle, stopper, 
and sample must V 
NOT be contaminated 
froni dust or handling- 



fc) Raw vater (ground) 
samples are taken* at 
or nrear source/ 



) 



1 Take sample after . 
operating pump long 
enough to flysh out 
line and to stabilize 
.the well. 



2 Rinse sample botcle 
with wa.ter to 
tested, then fill 
to^Dverflow* 



f 

Cap or cork 
inunediately but 
do' not f ore? the 
cap in as bottle 
may break. 



(d) Raw water (surface) 
; 

Sample as near the 
intake deptl^ and 
location as possible. 



2 Sample may be taken 
at pump^discharge 
side. 



(e) Treated water sampling 



i Sample must be 
repreji4litatlve of 
treatment process. 



2 Several samples 
may be necessaiy 
to get representative 
s^ple . ' 



« 



.3 Let the water tap' 
V run long enough to^ 

get an accurate 
main line supply. 



Dissplved gas samples 



i Sample must not be 
aerated while being 
obtained. 



2 rs(? rubber^ hose or 
tap extension .to 

• reach bottom of 
bottle. ^ 



3 Fill bottl^e slowly 



4 T^s-t for dissolved 
Sas ijranediately. 



■ \ - . 

(g) V labeling water samples 



1 Labels are not- 
standard 



Some labels are 
printed and you fill 
out the required V' 
infonnation such 
as; collectors 
name> office and 
phone number^ date 
sample taken ^ temper- 
ature'^of sample, 
type' of analysis 
needed 



(3) Collect and' label water 
sample ' 



Following written instructions,* 
collect and label a^waste- water ^. 
sample for testing. ^ ^ 

(1) Purpose of waste water 

samplinjg' 



(a) Check and morQ.tor 
plant "^^eration 
efficiently" 



(b) Check effu'ent for 
quality standard 



Cc) Determine need for 
- increased plant facility^ 



(2) Types* of samples 



(a) Grab (influent- 
effluent) 



2 Settleable solids 



3' Chlorine residual 



4 Chlorine demand 



2 Relative stability 



(b) Composite sample (influent, 
effluent, and digester) 

X 



' i BOD 



8 



2 Suspended solids 



^ % 3 Total solids 



4 Volatile solids 



(c) Sampling point 



(d) "Safety Precautions 



.(3) Procedures for collecting 
Waste water samples 



ERIC 



(a) Collect free flowing 
sewage ^ 



(b) Prevent aeration 
(D.O. sample) . 



(c) Collect sample with 
^ sampler facing away from 

^^lo^- • III 



(d) 



Rinse stapler ^with 



(e) Take sample under 
surface / 



(4) Collect and label waste 
water sample 



APPUCATION: 

Accomplish \B 3ABR56330-II-5-P1 



EVALUATION: 

Evaluate by oral, written questions, • 
and/or observation of student /s 
■ performance during lesson. This 
may be accOTiplished at any time 
du^*ing lesson for increased 
effectiveness* 

CONCUJSIOK (5 Min) 

SUMMARY: 

« 

Briefly summarise main points 
of lesson, 

REMOm^AnON: 

Rfeempliasize the importance 

of todays lesson. -N^ 



STUDY ASSIGUMENT: 





LE$SON PLAM ( P«rt 1, G«imi) ^ ■ \ 






MNSTRUCTOR 


COURSC NUMSCfl 

3ABR5??30 


COURSC TITLE. 

Eiiyironmental Supoort SneciaUst 


•LOCK MUMSCM ^ 


•LOCK TITLE 

Water and Wastewater Analysis 


LCSSOM TITLC 

Water Analysis (Days 10, 11, 12. and 13) 


LESSON DURATION 


GtASSItOOM/LABOKATOKY 

18 Hrs 


ComplementakV 

0 


TOTAL 

18 Hrs 


POI REFERENCE 


PAGE NUMSen 

11 


PAGE DATE 

fi JiiTiP 1Q7?^ 


PAHAORAPM ^ 

6 




STS/CTS REFERENCE 


NUMBER 

563X0 


DATE 

28 July 1971 




SUPERVISOR APPROVAL 


SiGNATURC 


DATE 


MONATURC 


DATE 










y 
















PRECLASS PREPARATION 


EQUIPMENT LOCATED 
IN LABORATORY 


EQUIPMENT 
PROM SUPPLY 


CLASSIFIED MATERIAL 


GRAPHIC AIDS AND 
UNCLASSIFIED MATERIAL 


Laboratory Equip- 
ment 

Direct Reading 
Colorimeter 

Water Analysis Kit 

Electric Lab 
Stirrer 


None 


None 


SGn-6 

WB n-6-Pl 

WB n-6-P2 

563X0 Career Ladde: 

Laboratory Manual, 

All Courses 
TF 6197 a,b,andd 


CRITERION OBJECTIVES AND TEACHING STEPS % 


6a. Following written instructions, observing safety precautions, working as a 
team, and using the colorimetric testing method, determine the amount of chlorine, 
turbidity, color^ fluorides, iron, sulfate, and pH in pr^ihred water samples 
within + 15 percent of that present. 

(1) Purpose ofwater analysis 

(2) Methods of analyzii^ water 

(3) Source of chlorine, turbidity, iron, fluorides, color, and sulfate in 
water ^ ' / 

(4) Equipment used to perform the tests 

(5) Safety precautions 

(6) E^ilm TF 6197a, Methods of Water Testing, Color Comparison 

(7) Test procedures 
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CRITERION OBJECTIVES AND TEACHING STEPS (Cent<nu»d) ' 



6b. Following written instructionSj observi'ng safety pfecaations, working as a , 
team, and using the volumetric testing method, determine the amount of hardness, 
alkalinity, chlorides, and carbon dioxide in prepared water samples within + 15 
percent of that present. 

(1) Ion causing hardness and alkalimty . , ^ 

(2) Sources of chlorides and carbon dioxide 

(3) Equipment used to 'perform the tests ^ , . 

(4) Safety precautions ^ * 

(5) Film TF-6197b, Methods oiWater Testing, Volumetric Titration , 

(6) Testing procedures . \ • 

6c. Using a laboratory thermometer and following written instructions, measure 
the temperature of a*water sample to +1°. ' , 

J 

(1) Procedure for collecting the sample 

(2) Reading the thermometer. , ^ 

(3) Fahrenheit and centigrade conversion 

(4) Testing procedures * , • 

Following written instructions, observing saf^ precautions, working' as a 
team, and using an electric meter, determine the pH of a watpr sample to + 0. 5 pH 
unit. . 

(1) . pH characteristics 

(2) pH scale 

* (3) Use of pH meter 
: (4) Film TF 6197d, Methods of Water Testing, Electric Meter 

.6e. Given related information, state the method used to perform the phosphate and 
silica test. ' ' 

(1) Sources of phosphates and silicas 
' (2) Method of testing for phosphates and silicas 

V 

6f. Using test equipment and written instructions, perform the jar test to deter- 
mine minimum chemical dosage. ^ 

(1) Giemical used 

(2) Procedure for performing test 

(3) Calculating results / 
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Course No: 3ABR56330 
Day 10, 11, 12, 13 



Branch Approval 
'Slate 



PART n , 
INTRODbcTI(»r (IS Mia) 
C3ffiCK PREVIOUS DAI ASSIGIIMENT 

REVIEtf: 



-ATTENTION: 



OVERYOiW: 



MOTIVATION^ 



3 



110' 



BODY (17.5 Hrs) 

PRESENTATION: 

6a. Followiaig ^rritten inatnictions, 
observing safety precautions, ^ 
working as a >eam, and using the 
colorimetric testing method, . 
detemine the amount of chlorine, 
turbidity, color, fluorides, iron, 
sulfate, and pH in prepared water 
santples witMn + IS percent of that 
present* 



(l) Purpose of water analysis 

9 

(a) To determine the quality 
of the sample. 



(b) To periodically deter- 
mine the purity and mineral 
content of domestic water. 



(c) To detennine the 

quality of water for 
industrial use. 



(2) Methods of 5Lna:j.y^ing 
water ♦ 



(a) *The gravimetric vater • ^ 
'^^analysis is performed by 
separatizig a substance 
,froni the lAter saa^le^ 
wei^ung the substance ^ 
and calculating tiie 
proportion by wei^t with : , 
respect to the total sa^e« 



(b) The volumetric "water * / . 
analysis is performed 
by 'adding to a measured 
portion of a water sample 
the exact volume of a standard 
strength chemical solution 
required to bring about a 
specific change ♦ The addition 
of a measured volume of a stanclard 
strengtii solution to a water sample 
is called titration. / 



(c) The colorimetric water 
^jaalysis is, performed 
by comparing the colors 
produced in a ^ter 
sample' with those of a 
. prepared color standard. 



(d) The conductance water 
analysis (electric 
meter) is performed 
by the iamersion of "o' 
electrodes in a water 
sample. 



(*e) Expression of test 
results 



5 



1 PPn 



2 gpg 



3 mg/l 



Source of chlorine, turbidity, 
iron, fluorides, color, and 
sulfate in t^ter^ 



(a) Chlorine-^ater treatment 



(b) Turbidity-suspended matter 



(c) Irdn-the soil iron salts 



(d) Fluorides-fluoride 
mineral in soil 



ll 



8 



(e) Coloj? 



4 X True color7di33olved 
matter 



i Apparent color- 
suspended matter 



(f ) Sulfates-sulfate ^ 
mineral iit the soil 




(4) Eqjaipn«it used to perfom 
the tests 



(a) Hach Kit 



L 



1 Sulfate 



9 



2 Fluoride 



3 Iron 



4 Color 
, 5 Turbidity 



(b) Hellige color 
comparator kit- 
chlorine 



(c) Taylor color cocaparator 
kit-pH' 



(5) .Safety Precautions 



coNciusnm my (10) 

SUMMARY: 

Briefly si2iiiiiarize the main points 
of the "lesson 



STODy ASSICa^MMT: 

Read the testing procedtxres for 
color, chlorine, fluorides, iron, 
sulfate, turbidity, and pH in the 
Career Ladder 563x0 Laboratory Manuals 



DIlRODUCnCN DAI (ll) 
CHECK PREVIOUS DAY'S STUDY ASSIGNMENT 
, REVnW: 



ATTENTICN: 



OVERVIEW: 



MOTIVATION I. 
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(a) Introduce film' 



(b), ' Tell student vh^t to 
look for .in film 



(c) • Discuss film af tef shov^ing 



(7) Test procedures 



(a) Follow y/i'tten instruction^ 



(b) Cleaning procedures 



' « 

6a. Continued ' . - 

(eX Film TF 6197a, Methods of , 

Water Testing, Color Con- • < 1^" 

parison « .'^ 



4 



(c) Use of . equipnent 



(d) Expression of test resxdts^ lOo " ' ^ ^ 



-in 



•APPUCATIOK 

1* Assign student to test station 

2« Have students follow tejkt* 
instructions and perf om 
the color, turbidity, iron, * 
sulfate, fluoride, chlorine, 
* and pH tests^ 

PRESjENTATION: 

6b. following written instructions, 
observing safety precautions, 
working as a team,, and using 
volumetric testing method, 
detexmine tire amount of ^ 
hardness, alkalinity, chlozldes, 
and carbon dioxide in prepared 
water samples within + 15 percent 
of that present. 



(l) Ion causing, hardness ^ 
and alkalinity' 



(a) Hardness 



1 Calcium 



2 Magnesium 



(b) Ion causing alkalinity 

11 

♦ 

\ 



1 Hydroxide 



i * Bicarbonate* 



^ Carbonate 



(2) Sources of chlorides and 
carbon dioxide 



(a) Soil-Chlorides 



(b) Break down of 
^' ^ * _ bicarbonates 



(3) Equipment used to perfom 
the tests 



(a) ,Burette 

(b) Graduated cylinder 

(c) Stirring rod 
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(d) Casserole or flask 



(e) ChcBdcal scoop 



(4) Safety precautions 



(a) Keep work area clean 
and unditttered 



(b) Wear rubber apron 



(c) Clean up spillage 
djonediately 



(d) Do not let chemicals 
come in contact with 
your skin 



(e) ^ollbv the written 
instructions when 
perfoiming test 



■ ■ ,\ 
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CONCLUSION MY (ll) 

SUMMARY: • 

Briefly sunmarize the main 
points of the lesson* 



STOBY ASSIGNMENT: 

Read the testing procedures 
for hardness, alkalinity, 
chlorides, and carbon dioxide 
in Career ladder 563x0 
Laboratory Manual • 



INTOOIXJCTICN DAY (l2) 
CHECK PREVIOUS DAY'S SlUDY ASSIGNMENT 
REVIEW: 



ATTENTION: 



0VERVIEJ7; 



MOTIVATION: 



TRESE&TkTKXii 



Contimied 

C^y^lj" TF-6197b, Methods of 
^Water Testing, Volc«Btric 
\Titrati<m. 



(a) Introduce film 



(b) Tell students what to 
look for in the film 



if 

(c) Discuss the film! after 
shoidng ' 



(6) Testing procedures 



(a) Follov test instructions 



(b) Reading graduated 
cylinder 



(c) Twenty drops 
per milliter 



1 



15 



HO 



(d) Rate of titration 



(e) Ijnportance of mi-ying sample 
and -i^eagent during 
titration 



(f ) Observe safety precautions 



(g) Cleaning procedure 



APPLICAnON: 

1. Assign student to test station 

1. Have students follow test 
. instructions to perfom hardness, 
alkalinity, chloride, and carbon 
dioxide tests 

3i Have students accomplish W.B* 

3ABR56330-n-%-Pl and 3ABRS6330- 
n-^P2 



PffiESINTATION: 

6c* Using a laboratory themometer 

and following written instructions, 
measure the tenjjerature of a 
water sample to + 



) 

} 



16 



(l) Procedure for collectiaag 



the. sasiple* 



J 



(2) Reading the theziAoneter 



(3) Fahrenheit azKl centigzade 
conversion. 



(4) Testing procedures 



l5d* Folloving written instructions 
observing safety precautions, 
working as a team, and using 
an electric meter, determine the 
^ pH of a water sample to ± 0.5 pH 
unit. ^ . 



(1) pH characteristics 



(a) Hydrogen ion concentration 



(b) Degree of acidity and 
alkalinity of water 



t 

/ 

- (2) pH scale 
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(3) Use of a pH-meter 



(4) FiLn TF 6l97d, Methods 

of Water Testing, Electric 
Meter. 



(a) Introduce the film 



(b) Tell students tAat to 
look for in film 



(-c) Discuss film after showing. * 



APPLICATION: 

Have student follow test instructions 
in workbook to perform the electric 
^1>H test. 



CQNCUJSION MY (l2) 

«, ^ * 
SUJIMARY: 

> 

Briefly summarise the main point 
of the lesson. ^ 

* 

• 4 . 



STUlir ASSIGNMENT: 

1. Read the principles aod procedures 

■ for perfoznisg the phosphate, silica, 
and jar test in laboratorj- aanual* 

2. Read SG-3ABRS6330-n-7, " . - 

Waste Water Analysis. 

3. Answenquestions in back 

of SG-3ABR56330-I1-6 ^ 

' INTOODUCTION DAY (l3) 
CHECK PREVIOUS BAY'S SlUTY ASSIGNMEIIT 
REVIEV: 



\ ATTENTION: 



OVERVIEW: 



MOTIVATION: ' ' • 



ERIC 
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PRESENTA.TION: 



6e. •Given related infarmation^ state 
the method used to perform the 
phosphate* and silica test« 



(l) Sources of phos^diates and 
/ silicas 



(a) Phosphates 



i Mineral an soil 



2 Water treatment 



(b) Silica-sand dissolved 
in water 



(2) Method of testing for 
phosphates and silica 



(a) Phosphates 



J 



:RJC 



1 Coloxinetric 



2 Hach Kit eqaipMnt 



1 Orthophospfaates 



i v Polyphosphates 



(b) Silica 



1, Colorinetric 



2 Taylor comparatdb 1^ 
eqiiipment 



^ /E3q>ressiQn of test 
results • 



Using test equipment and written 
instructions, perfora the jar 
test to deteznine tniniiman chemical 
dosage* 



■. ■ • ■ • • ■ ..-^ 

4 

(l) Chemical used 



(i) Ferric chloride coagulant- 
10 grams per liter 



(b) Soda ash-pH adjusW- 
10 grains per liter 



(2) Procedure for performing 
test ^ 



(3) Calculating results 



APPLICATION: 

Have students follow instructions 
ia laboratory manual to perform 
the jar test* 



EVAUIAnON: 

Evaluate by oral, written questions, . ^ ' ^ ' , 

andj/or ob|ervation of students 
' performance during lesson • This may 134 
be accomplished at any" time during • - , ' • ^ 

lesson for increased effectiveness* ^ ' 
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CONCUJSION 

SDMMART: " 



RIMOTIVATION: 



STUDY ASSICNMEKT: 




LISSOW PLAM { W»tt {, G««ifl) 



TCETC/t 



tNtTnuCTOA 



COUnSC NUM9CR 

3ABR56330 



COURSE TITLE 

Environmental 



Sttpporl Specialist 



•LOCK MUMSER 

n 



■LOCX^riTCK 4 



ryater and Waatgwatar Analyaia 



LESSON TITLE 



Wastewater Analysis (Days 13. 14. and 15) 



(^ASSROOM/LABORATOKY 



UUMNOUMATIOH 



13; 5 Hrs 



COWlUICNTAIiy 

2 Hrs 



TOTAL 

15.5 



Hrl 



PAOE MUMBEK 

12 



FAOK DATE 



6 June 1975 



$Ts/CT$ ntPtntHCz 



NUMSER 

563X0 , 



DATE 



28 July 1971 



SU^CKVISOU APMOVAL 



SIGNATUME 



DATE 



SIOMATUIIE 



DATE 



A 7 



MECLASS PUCPAtATION 



EQUIPMENT LOCATEOf^ 
IN LABORArORY 



EQUIPMENT 
PROM SURRLY 



CLASMRIKaMTERIAL 



ORARHIC AIDS AND 

UNCLAuiPiED Material 



Laboratory Equip- 
ment ■ 

, epared Waste- 
wafer Samples 
Drying Oven 
Munle Furnace 
Analytical Balance 
Electric pH Meter 
Water^alysis Kit 



None 



None 



WBn-7-Pl . 

Am 35-14 V, 

563X0;" Career 
Ladder Laboratory 
Maziual,,All Coursek 

,TF 6197c 



CaiTEKIOM OBJECTIVES AMD.TEACHIMC JTEK 



7a. Following wri^n instructions, using laboratory equipment,, ob^rving safety 
precautions, and working as a team, perform a dissolved oxygen test on a prepared 
water sample to + 2 ppm. 



""(l) Purpose^ of test » - 

(2) Procedure for performing test,. 

(3) Proper use of test equipment 



7b. Using an Imhoff cwie an4 written instructions, ^ working as a team and obseVvin ; 
safety precautions, determine- the volume of settleal(le soUds in a wastewater 
sample to +, 5 ml/1. 



I 



(1) Proper use of equipment 




ATC 
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CRITERION OBJECTIVES AND TEACjHINg STEPS ((Untintxd) 

(2) Procedure for performing the test v 

(3) Express^pn of test results. ^ 

7c. Using the gravimetric -method of testing anji following writtfiMastructions, 
working as a team and observing safety, precautions, determine the amount of sus- 
pended solids, total solids, and volatile solids in a prepared wastewater sample 
'within + 15 perc€?it qf that present.^ , - * 

(1) Steps in the test . • 

(2) Proper use of test eqaipment 

(3) " Safety precautions 

(4) Calculating test results 

7d. Ukng the test results from the total and suspended solids tests, compute the' 
amount of dissolved solids in a wastewater sample. 

Formula for calculation , , 

. - (2) 1 Expression of test results 

79. Using laboratory test equipment and following written instructions, working" 
as a teamland observing safety precautions, correctly prepare the samples needed 
to determine biochemical oxygen demand and relative lability of wastewater. - 

(1) Safety precautions • 

(2) Purpose of tests ' ^ 

(3) Procedure for performing tests 



2 
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Course No: 3ABaf6330 
Day: 13, 14, &,1S 



Branch *tt^^'' ' ^l^/irt^aTt^/^ 



PART n 
imOSUCTIGN (lOMin) ' 
CaECK PREVIOUS DAI^S S1UBT ASS^CMMENT 
REVIEW: 



ATTDiTIOK: 

a' 



OVEKViUtf: 



MOTIVATION: 



13S 
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•BOUT (13 Hrs. 'lO Min) 

PRESEMmraON: 

7a. Following written instructions, using 
laboratory equipment, observing safety . 
precautions, and working as a team, 
perf om a dissolved oxygen test on a 
prepared water sasxple to + 2 ppm. 



(I) Purpose of test 



(2) Procedure for performing tlie test 



^ (a) ^Collect a wastewater sample. 



(b) Dilute the sample to a 
desired strength 



(c) Siphon 2 BOD bottles full of 
the prepared sample. 



(d) 



Place one BOD bottle 

of the sample in incubator. 



1 12^ 



(e) Perfom a dissolved oxygen test 
on the other BOD bottle saixtple* 



(f) Use written instructions for 
preparation of san^le aiid 
performnce of tiie dissolved 
osgrgen test. 



(3) Proper use of test equipment 



(a) Pluzsiger type itdxing rod 



(b) Siphon' tube 



(c) I^pettes 



(d) Suction^buib 



(e) BOD bottle 



(f) 



Burette 



14fj 



(g) Observe safety 



APPLICATION: 

Have student prepare a BOD sample and 
follow written instructions to perf om 
a dissolved oxygen test on the prepared 
sample* 



CONCmSION DAY (13) 

SUMMARY: - 

Briefly sunraarize tie main points of 
lesson. 



STODY ASSIGM>!ENT: 

X 

Read in lal)oratory manual th'e procedures 
and principles for performing, the ^ 
settleabie^ suspended^ and total solids tests* 



• INTHm)UCTION, DAY (U) 
CHECK PREVIOUS DAY^S SlUDY ASSIGNMENT 

REVIEW: 



11 

• I 

ATTENTION: 



OVERVIEtf: 



MOTIVATION: 



PRESENTATION: 

7b « Using an Mxoff cone and written 
instructions^ voxicing as a team and 
observing safety precautions^ determine 
the volume of settleable solids in a 
wastewater sample to + 5 mL/H. 



(l) ^ Proper use of equipment 



(a) Mioff cone 



(b) Lnhoff cone stand 



U2 



ERLC 



test 



(2) Procedure for performing, the 



(3) Expression of test reaults-nil/l. 



7c, Using the gravimetric method of testing 
..and following written instructions, 
working .as a team and observing safety 
precautions, determine the amount of 
suspendea solids, total solids, and 
volatile solids in a prepared wastewater 
sample within + 15 percent of that present. 



(1) Steps in the test 



(2) Proper use of test equipment 



(a) Filter crucible 



(b) Suction apparatus 



(c) Evaporating dish 
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(d) Steam bath 



1'13 



(e) Drying oven 



(f) "^ongs 



1 O 

(g) Dessicator 



(h) Analytical balance 



Safety precautions 



(a) Open flame 



(b) * Boiling 



(c) Wastewater 



(d) Oven 



(e) Vacuum pimip 



APPLICATION: - 

— SUMMARY: ^ 

Briefly suanarixe the main points of the 
lesson* 

i 

StUOT ASSIOWENT: 

1. Answer questions in back of 

SG 3ABilS6330-n-7 

2. Read the instructions for perfoi^g 

the BOD test and for calculating the 
dissolved solids in a wastewater sample, 

I ' ^ 

XNTRODUCTION DAY (iS) 

i '■ 
CHECK PREVIOUS DAY'S STUDY ASSI(2<MENT 

* 

REVIEW: ♦ 



ATTENTION: 



OVERVIEV/: 



PRESENTATION; 

7c*' (4) Calculating test results. 

(a) Foxmila 

(b) Recording test resiats 

* 

APPLICATION: 

1. Have students perform the volatile'* 

solids test. 

2. Have students to calculate the test- 

results in ppn. 

PRESENT/ITION: 

7d, Using the test results from the ^total 
' and suspended solids tests, cooipute the 
amoTint of dissolved solids in a wastewater 
sample. 

(1) Formula for calculation 

(2) Expression of test results 
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7e* Using laboratory equipment and ^ 
following written instructions, 
working as a team and observing 
safety precautions, correctly prepare 
the samples needed to detexmine tibe 
biochemical oxygen demand ixyi relative 
stability of wastewater, ^ 



(l) Safety precautions 



(2) Purpose of tests 



(3) Procedxires for performing 
tests 



APPLICATION: 

1. Have students calculate the amount 3 
of dissolved solids from the total 
solids and suspended solids test results 

. 2. Have student follow written instructions 
to prepare wastewater samples for the 
BOD and relative stability tests and 
perfonn a dissolved oxygen test for 
BOD calculation, ^ 

EVALUAnON: 

Evaluate by oral, written questions, 
and/or observation of student ^s 
performance during lesson. This may be 
accomplished at any time during lesson 
for increased effectiveness. 
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BASIC CHEMISTRY 



/ OBJECTIVE 

The purpose of this study guide is to aid you in understanding basic 
chemistry, ' ^ 

INTRODUCTION 

To fxilly and*^ffectively treat water for drinking purposes or for in- 
dustrial ua;e, an understanding^of basic chemistry is desirable. Since 
mosti water treatment processes require chemical treatment, an under- 
standing of. chemistry provides you with an insight into the treatment 
process. The study of chemistry raises many different and challenging 
problems. Information on this subject is presented under the following 
main topics in this study guide. 

• MATTER 

• CHEMICAL TERMS 

• THEORY OF .IONIZATION ' 
• ^- • ACIDS 

• • BASES 

f 

• SALTS 

• CONCENTRA TIONS,^"""**- 

• TYPES OF CHEMICAL REACT^NS 

• ' BALANCING CHEMldAL EQUATIONS ''^ 

• EXPRESSION OF TEST RESULTS 



MATTER 



Matter is anything that occupies space and has weight. This includes 
people, oxygen, water, and almost anything you can name. Even though 
gases are light enough to rise, they do have weight and occupy space. ^ 

A person's shadow occupies space because it has width and height; 
however, it does not have weight and, therefore, cannot be matter. 

The three states of matter are solids, liquids and gases. Solids are 
made, of molecules that stick together very tightly. The molecules of a 
liquid stick together, but^ot very tightly. Gas molecules do not stick 
together at all; therefor^, they fly off in every direction. 

Liquids poured into any container will take the same shape. Gases 
will completely fill any container. 

Solids are actually made )lp of small grains of material. Between 
the grains are spaces and poijes. These spaces and pores may be open 
or they may be filled with ini^urities from other materials. 

CHEMICAL TERMS 
Atom - An atom is the smaSllest part of an element. 

Element - An element is what our earth and atmosphere is made of, such 
as oxygen, iron, hydrogen, calcium and sodixim. There are about 104 
known elements. ' ^ 

Molecule - The smallest particle of a compound. One atom of sodium 
and one atom of chlorine combine to form a molecule of sodium chloride 
(table salt). V 

Compound - The material formed ^hen two or 'more elements combine 
chemically. If oxygen combines chemically with iron, a compound, iron 
oxide or red iron rust as we know it, is formed. 

Symbols - Abbreviations t)iat are used for elements, such as H for hydro- 
gen, O for oxygen, C for carbon, etc. * 

Formula - Two or more symbols put together to show the makeup of a 
compound, such as H2O = water, NaCl = salt, and HCl = hydrochloric acid. 

Equation - A short method of shoeing a chemical reaction, such as 
Na T CI — ► NaCl (table salt). . 



Ion • An atom that has lost or gained electrons, and has become unbalanced 
electrically* Ions are very active and will form compounds easily* 

Cation - A positively charged ion, and shown as a plus, Na^. 

Anion - A negatively charged ion, 'and shown as a minus, CI*. 

Organic - Materials composed of carbon and hydrogen, and are produced 
by plants and animals. Examples of organic materials are skin, animal 
hair, leaves, wood and htunan waste. 

Inorganic * Material that is not organic, such as rock, dirt; water and 
gases. 

THEORY OF IONIZATION 

We know if we put table salt in a glass of water, it will dissolve. After 
the salt has dissolved, a very strange thing happens. Let's work up to this 
strange event slowly. 

We already know that table salt is sodiiim chloride or NaCl. When 
NaCl is dissolved in water, the Na loses its grip on the CI, and they ac- 
tually drift apart. Imagine a lot of little Nas and a lot of little Cls float- 
ing arouxid in the glass. 

By e3q>erimentation, we know the Na has a positive charge, which 
makes it a cation. The CI has a negative charge, and this makes it an 
anion* ^ ^ 

1 

Positive ions or cations have the ability to carry an electric current 
through water. To prove this', we can fill a glass with water, dump in a 
teaspoon of salt, and rig up an electrical extension cord and light bulb 
as shown. 
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When a substance comes apart m water, auad has the ability to carry 
current, it is said^to ionize. Many materials, such as acids, bases and 
salts', will ionize in water. Organic material, normally, does not ionize. 

What is ionization? Now, you know, 

Acms 

• ^ 

What is an acid? An acid is what goes into a car battery. An acid is 
what digests your food in your stomach. An acid is what makes a bottled 
soft drink fizz when it is opened. An acid is a substance, usually liquid, 
that contain3 hydrogen and ionizes in water. 

Acids will eat up iron but not copper. Some acids are very strong 
and some are quite weak. Strong acids ionize easily; weak acids do not 
ionize very well. 

Strong acids are dangerous and should be handled with care. You can 
identify a sloppy chemist by coiinting the acid holes in his clothing. 

When an acid is poured into water, the hydrogen in the acid ionizes, 
or breaks away, atnd floats aroxind in the water. It is so active that it will 
combine with almost anything it contacts. 

We use acids in some water tests and also to help us in softening 
hard water. 

BASES 

IT 

A base is the exact opposite of an acid. An acid released the hydro- 
gen cation in water. A base also dissolves in water and releases a nega- 
tive ion. This anion is what we call a hydroxyl ion, and its symbol is OH. 

We find that lye^is the strongest base there is. Its fotmula is NaOH. 
When NaOH is dissolved in water, the cation Na and the anion OH break 
apart causing ionization. « 

Again, there are strong bases and weak bases, and their strength 
depends on how much they will ionize in water.' Bases are used to per- 
form some laboratory water tests and to renew a water demineralizer. 

When an acid and a base are mixed, a violent reaction occurs. This 
reaction is called neutralization. If we use exactly the same amount of 
each, they will neutralize each other, and we will wind up with salt and 
•water or salty water. . * 



The equation showing this is: 



hydrochloric acid + sodixun hydroxide 
HCl + NaOH 




sbdiiim chloride + water 



Naa + 



SALTS 



The salt you use'on your food is sodium chloride* It dissolves easily 
and tastes good in small amounts* ^ 



There are many kinds of salts«. All it takes to make a salt is to com- 
bine a metal with a nonmetal. An example is to combine iron with chlorine 
to form iron chloride* Other salts are calcium sulfate^ sodium carbonate^ 
magnesium nitrate, etc* 

^"^ost salts either* taste ba^ or they are haxmful to the body* Sodium 
chloride is the salt we use because it is pleasant to the taster dissolves 
easily I and has no toxic effects* 



- A spoonful of sugar dissolved in a swimming pool would be a very 
weak concentration. A spoonful dissolved in a cup of coffee is a strong 
concentration* 

A concentration is an amount of acid, base or salt dissolved in a 
known amount of solvent* 

Some concentrations are strong and contain a lot 6f dissolved material. 
The oceans contain much salt, but they can dissolve more salt* The Great 
Salt Lake in Utah is almost concentrated with salt* It will not dissolve 
much more* 

Under normal temperature, a solution is considered saturated when 
it can dissolve no more material* If the saturated solution is placed over 
a burner and warmed up, then it can dissolve some more material, and 
we call it supersaturated* 



In this course, we use a saturated salt solution to renew one of the 
water softeners* 



CONCENTRATIONS 



TYPES OF CHEMICAL REACTIONS 



A chemical reaction is the change that occurs when two chemicals re- 
act with each other* There are four types of chemical reactions* 



!• Decomposition is one type of chemical reaction. In this type, a 
substance is broken down into simpler substances • An example would be 
in the making of iron. When iron ore is m.ined, the iron is in an oxidized 
form {Fe203). Placing the pre in large smelters and heating it drives off 
the oxygen and leaves pure iron. This is decomposition. 

. 2. Chemical combination is a reaction when two materials combine 
to form a more complex substance. An exaimple woixld be iron rust. If 
an automobile is exposed to the dampness in a sea coast town, the metal 
body will show signs of rust very qxiickly. The pure iron in the car will 
begin to unite or combine with oxygen in the air. This reaction is shown 
in the following equation: 

4Fe + 3O2 » 2Fe203 (red iron rust) 

3. Chemical displacement is a reaction where an element will ex- 
change places with another element. An example wov£hi^be the placing of 
an iron nail in a glass of hydrochloric acid'. The acid will eat the nail 
up and gas bubbles will be given off. The gas is hydrogen. The equation 
for this reaction is as follows: 

ZFe + 6HC1 ^ 2FeCl3 + 3H2 

4. Double decomposition is a reaction of two substances that form 
two new substances. We have alreadf seen an example of this when 
hydrochloric acid (HCl) was mixed with sodixim hydroxide (NaOH). The 
result was salt and water. 

BALANCING CHEMICAL EQUATIONS 

Ordinarily, it is not required for water supply .personnel to balance 
chemical equations while working in the field. However, to fully iinder- 
stand the chemical treatment of water, it is very important ^o be able 
to solve chemical reactions by using equations. 

To learn to add chlorine to water every three hours is -not enough. 
An understanding of what chlorine does is .necessary, and this can be 
realized through chemistry. 

The following equation states that when you add so^iium hydroxide to 
sxilfuric acid, there is a chemical reaction and you produce sodium sul- 
fate, which is a salt and water: 

<^ 

H2SO4 + 2NaOH ► Na2S04 + 2H2O 

Sulfuric Sodiiim Sodium Water ^ 

Acid Hydroxide Sulfate 

' 6 * l5ij 
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An eqxxation makes a statement concerning' a chemical* cha^ge# 



An Electromotive Force Series Chart (EMF) is an aid to solving equa- 
tions. An EMF Series Chart is a grouping of the elements according to their 
electrical potential, with those having the greatest electrical potential lo- 
cated at the top of the chart. Examine the two rules stated in Figure 1. 
Referring to Fig\ire 1, we find that potassium (K) can displace iron (Fe) 
from a compound, b\it iron (Fe) caimot displace potassitim (K). 



POSmVE CHART 


NEGATIVE CHART 


Lithium Id 


Fluorine F 


Potassium K 


Chlorine CI 


Calcium Ca 


Oxygen 0 . 


Sodium Na 


Bromine Br 


Magnesium Mg 


Iodine I 


Aluminum Al 


Sulfur S 


Manganese Mn 


Phosphorous P 


Zinc Zn 


Nitrogen N 


Chromium Cr 


Carbon C 


Iron Fe 


Silicon Si 


TinSn 




Lead Pb 




Hydrogen H ^ 




Copper Cu 




Silver Ag 




Platinum Pt 




Gold Au 




RULES 

1. With reference to the abdve chart, any element which appears above 
another element will replace the lower ^lement from its compound* 

2. With reference to the above EMF Series, any element which- appears 
below another element will not replace the hi^er element from its 
compound. 



IS. 

Figure I. Electromotive Force (EMF) Series Chart 
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• Figure 2 is another EMF Series Chart that is a bit broader in scope than 
Figure 1 Figure 3 is a valence of common ions chart which is merely a 
chart for reference to determine the valence of any given ion. The valence 
of an ion determines the proportion present when it combines with another 
ion. It is the number of positive or negative charges of the ion. 



POSITIVE 


HYDROGEN 


NEGATIVE 


Cesium 


Copper 


Fluorine 


Rubidium 


Arsenic 


Chlorine 


Potassium 


Bismuth 


Oxygen 


Sodium 


Antimony 


Bromine 


Lithium 


Mercury 


Iodine 


Calcium ^ 


Silver 


Sulfur 


Magnesium. 


Palladii^m 


Phosphorous 


Aluminum 


Platinum 


Nitrogen 


Mafiganese 


Gold"^^^ 


Carbon 


Zinc 


Osmium 


Silicon 


^Chromium 






, Cadmium 




/ 


Iron 






Cobalt 






Nickel 






Tin 






Lead 







Figure 2. EMF Series Chart 
8 
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i NAME 


SYMBOL & CHARGE 


NAME SYMBOL & CHARGE 


1 Acetate 


. C2H3O2" 


Hydroxide 


OH- 


\ Aluminum 


A1+++ 


Hypochlorite 


cio- 


Ammonium 


NH4+ 


lodate 


IO3- 


' Antimony 


. Sb+++ 


Iodide 


I- 


i 

I Barium 


Ba+ 


Lead (plunibous) 


.Pb++ 


I Bicarbonate 

i 


HCO3- 


Magnesium 


Mg++ 


j Bismuth 


Bi+++ ^ 


Manganous 


Mn-^ 


' Bromide 


Br- 


Mercu^ous 


■Hg+ 


1 

1 Cadmium 


Cd++ 


Mercuric 


Hg++ 


j Calcium 


Ca++ 


Nickel ' 


Ni++ 


1 Carbonate 


CQz' 


Nitrate 


NO3- 


t Chlorate 


CIO3' 


Nitrite 
• 


NOj- - 


Chloric|e 


cr 


Oxalate 


C204' 


Chlorite 


C102- 


Oxide 


0" 


Chromate 


Cr04* 


Perchloride 


CIO4" 


Chromic 




Permanganate 


Mn04" 


Cobaltous 


C0++ 


Phosphate (ortho) 


PO4* 


Cupric 


Cu++ 


Potassiuln 


K+ 


Cppric Ammonia 


Cu(NH3)4++ 


Silicate (ortho) 


Si042 


Cuproiyi 


Cu+ 


Silver 


Ag+ 


Cyanide 


Cn- 


Sodium - 


Na+ 


Dichronuite 


Cr207" ' 


Strontium 


Sr++ 


Ferric (iron) 


pg+++ 


Sulfate 


304" 


Ferricyanide 


. Fe(CN)8" 


Sulfide 


S* 


Ferrous (iron) 


J Fe"*^ 


Thiosulfate 


S2O3* 


Fluoride 


F" 


Tin (stannous) 


Sn++ 


, Formate ^ 


HCO2". 


Zinc 


Zn++ 



Figure 3. Valence of Common Ions 



t Consxilting Figure 3, we find that calcium has a valence of **two plus, " 
Carbonate has a valence of **two minus. " Like charges tend to repel each 
other while unlike charges tend to attract each other. Calcium carbonate 
is written chemically as CaCOs. The ''two plus" charges of calcium and 
th^ "^two minus*' charges of carbonate are attracted to each other. 

Look up the valence of sodixim (Na) and hydroxide (OH). You will find 
that sodium is "one plus" and hydroxide is "one minus. " If we write the 
chemical formula for sodium hydroxide, it is written NaOH, The "one 
plus" and "one minus" charges of the two ions are attracted to each other. 
A working rxxle concerning compounds can be stated. In any compound, 
* the sum of the positive charges is equal to the sum of the negative charges. 

Referring again to Figure 3, let us write the chemical fprmula for 
sodium carbonate. We find the symbol for sodium to^ be Na'and the valence 
is "one plus. " The symbol for carbonate is CO3 and the valence is "two 
minus • " To satisfy the rule from the preceding paragraph, sodium car- 
bonate could not be written Na"^C03^ bec&use the sum of the plus and 
minus charges are not equal. Correctly written, it would be Na+2C03^. 
The small "2" indicates that there are two sodium ions present, each 
having a valence of "one plus. " Therefore, we have a total of "two plus" ^ 
charges and our rule is satisfied. 

Anytime a small number is usedjn a chemical formula, it applies only 
to the element or radical which precedes it. A large num^ber is used in 
front of an entire compound and applies to everything witKin that compound. 

Anytime you write a chemical equation, you do_not lose or gain a 
single ion. All have to be represented in the equation. They may be 
arranged into new or different compounds in the reaction, but the total 
ions of each particular ion must be equal on both sides of the arrow rep- 
resenting a reaction. Looking at a typical reaction with the valence of 
each ion printed in, let us examine the reaction: 

Ca++Cl2". + Mg++S04= ► Ca++S04= + Mg"*'"*'Cl2' 

The chemical symbol for chloride is CI and its valence is "one minus. " 
Note in the equation that Cr is used twice and each time CI" ions are re- 
quired to balance the compounds. 

Note that in each compoxind, the sum of the plus and minus charges 
are equal. 

Note, also that on each side of the arrow, we have the same number 
of ions we started with, but we have formed two entirely new compounds. 

IS 
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Vo the ic£t*af-the arrowl we have orie calcium (Ca) and two chlorides (Cl^). 

We also have one magnesium (Mg) and one sulfate (SO4). To the right of 
the arrow, we have one calcium (Ca) and one sulfate (SO4). We also have 
<mc- magnesium (mg) and t^o chlorides (CI2). This represents a balanced 
'•qualion. 

There is a methodical siep-by-step procedure which, if followed, will 
result in balanced equations. \ These are listed in proper s^equence. 

, 1. Write down the chemical formulas of the two compounds you are 
going to react. This may be done by consulting Figures 1 or 3, 

2. Consult the EMF Series C^art and determine which cation is the 
more active. Write the symbol for ^his cation on the right side of the 
equation. 

3. Combine with this qation the aiaion of the less actiVe cation, 

4. Combine the remaining cation and anion into the Equation. The 
cations are always written first. 

. 5. Check each compoxind in the equation for valerj/ce. The total plus 
and minus charges of each compound must be equal. 

NOTE: If an ion needs to be increased, use SMALL 
NUMBERS ONLY, Anytime you increase a radical, 
inclose it in parentheses to indicate that the increase 
applies to the entire radical and not just the last atom 
of that flfadical. » 

6. When each compound is balanced, count the ions on both sides of 
the arrow. They have to be equal on both sides. 

NOTE: If an ion has. to be increased here, use LARGE 
NUMBERS ONLY preceding the compound. Remember 
also, this will increase everything within that compound. 

7. .Check the equation and make sure that only the simplest whole 
numbers have been used. F,or example: H2(OH)2, more simply written 
'.v'ould be 2H2O. ^ 

Here is a situation problem, and we wiil use the 7 rules to balanc e ^ 
the equation. 

Situation: Represent the addition of sodium hydroxide to sulfuric 
acid in a balanced equation. 

11 
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!• Write down the formulas for the reacting compounds from Figures 
1 or 3. 



H2SO4 + NaOH — ♦ 

Z. Consult the EMF Series Chart and determine the more active 
cation and put it on the right side of the equation, (In this case, it is Na, ) 

H2SO4 NaOH ► Na 

3. Combine with this cation the anion of the less active cation which, 
in this case, is hydrogen. (Hydrogen's anion is the SO4 radical. ) 

V 

H2SO4 + NaOH ¥ NaS04 + 

4. Combine the remaining cation (H2) with the remaining anion (OH), 
writing the cation first. 

H2SO4 + NaOH ^ NaS04 + H2OH 

5. Check each compound to see that the, total plus and minus charges 
are equal. 

' H2'*'S04^ +^Na'*"OH" ► Na+S04'' + H2'^OH* 

First of all,. H2SO4: The hydrogen has a valence of "one plus" and 
the stalfate radical "two minus, " but note the small 2 following the hydro- 
gen which means there are two hydrogen ions, each having "one plus" or 
a total of two plus charges. 

The second compound, sodium hydroxide (NaOH), is balanced with 
"one plus" and "one minus" charge. 

The first compound on the right side of the equation is not balanced. 
The Na ion haff a "one plus" valence while the SO4 ion has a "two minus" 
valence. To make them equal, we need another plus charge. We can jbj 
get it by adding another sodium (Na) and have a total of two plus charges 
and two minus charges, *Now our equation looks like this: 

. H2'^S04= + Na'^OH"' — Na'^2S04^ + n^iOlT 

Looking at our final compound, we find that hydrogen has a valence 
of "one plus" but there is a small "2" there for a total of "two plus" 
charges. The OH radical has a valence of "one minus. "^ To make the 
total of the charges agree, we must increase the total minus charges by 
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one. This is accomplished by using a small "2^' and we will have ''two 
minus" charges* Our equation now looks like this: 

H2"^S04= - + Na^OH^ ^ Na'^2^o/ + H+2(OH)*2 

Remember, when increasing a radical, parentheses must be used to 
indicate that the increase applies to everything contained in the radical- 
s' This rule qpncerns the equality of ions on bo^ sides of the equa 
tion. We must end up with the same nxamber we started with, 
f 

Reading the eqtiation from left to right, hydrogen is the first i^<we 
have to count. There are two hydrogen ions in the H2SO4 compound and 
one in the NaOH compound for a total of three. 

Counting the hydrogens on the other side of the equation, there are 
none in the Na2S04, but there are four in the H2{OH)2 compoimd. 

To make these equal, we will have to add one hydrogen ion to the 
left side. Since the H2SO4 already has two hydrogens, let us add our 
new one to the NaOH compound. We are through using small numbers 
now, so our equation looks like this: 

H2"^S04^ + ZNa^OH^ ^ Na^2S04= + H 2(OH)-2 

Note that the large '*Z'* does not change the valence 1|)alance of the 
compound because the large numbers apply to everything within the com- 
pound. 

A _ 

The next ion to be cotmted is the S ion itx the sulfate radical. There 
is one on the left and one on the right, so it is h^anged. 

The next ion to be accoimted for is oxygen. The small "4" in the 
compound H2SO4 indicates that there are 4 oxygen ions present. In the 
compound ZNaOH, there are two oxygen ions present^ ,TAe large "2" 
preceding the compoimd applies to everything within the compound. 
Four and two gives a total of six on the left. 

On the right, there are four oxygen ions in the compoimd Na2S04 ^ 
and two more in the compoimd H2(OH)2. Four and two are six, so the 

oxygen ions are equal. 

» «/ 

The next ion is sodiufti ii^ the compound ZNaOH. There are two Na 
ions on the left and two on the right, so they are equal. 

13 



The two remaining ions in the ZNaOH compound, O and H, have aj- 
ready been counted, so the equation is balanced. 

s 

7. Vf'erh^^re one more rule to satisfy however; are the simplest whole 
numbers used? ^Look at the. compound H2(OH)2. There are a total of four 
hydrogen ions and(two fcxygen ions* present, with a hydrogen ion on each 
end -of the compoixnd- Hydrogen being a cation should be written first. 
H2(OH)2 could be morclsimply written as' 2H2O. The iinal equation wauld 
look like this: , ' — I \ \ ' . 



Balancing equations consists of making all totals/^equal fojHowing. seven 
steps or rubles in chronological order. Practice in applying tnese rules 
will enable you to solve all water treatment reactions. 

EXPRESSION OF TEST RESULTS 

Water tests ^re meaningless unless they are expressed. in some unit 
of measurement. Those listed below are the ones most commonly used 
in our field. * , • \ " 

Rarts -Per Million (PPM)' ' * . \ . , . 

A part per million is always expressed as a weightrto -weight ratio. 
An example is one pound of chlorine tb one million poxinds of water. 

u - 

Grains Per Gallon- (GPG) - ^ ' - ^ 

The grain is the smallest unit in the English system of measure- 
ments pertaining tQ mass (weight). One pound equals 7/0OO grains. 
If you wish to convert to PPM, us'6 the factor: 17. 1 PPM equals 1 
•GPGV U.S. Gallon. ^ - . 

Liter ^ ' V ^ ' . ' - 

The liter is just a^bit larger than a quart. It contains 1, dOO milli- 
liters. There are 3.8 liters in a gallon. » " ^ 

Gram > „ - ' 

A gram is the weight of 1 milliliter of water. ^ 
Milligrams Per Liter (Mg/L) ^ ^ ' 

Another*method of expressing one part per million (PPM). 



Matter includes everything that occupies space and has weight. Matter 
includes all solids, liquids and gases. 

Understanding of commonly used chemistry terms is essential to the 
understanding of water treatment* 

P Ionization is a characteristic of chemicals that causae them to. react 
in various reactions. By showing the reactions in an equation, an exer- 
cise in balancing can show the desired results^ 

P^^rming water tests are meaningless unless the results are ex- 
pressed m some measurement. 

QUESTIONS 

1, Why is a shadow not considered matter? 



2,^ What ii the smallest part of an element? 



3* When two elements combine chemically, what is the name of 
the resultant material? 



4. In the hydroxide radical OH, the O is which element? 

5. Write the formula for water. 

6. What allows two different ions to combine? 

7. What one element is common to all acids? 



8, If you needed a very strong base, which cbmpotmd wovild be 
best to use? 

9. If a warm supersaturated solution is cooled; what is likely 
to happen? '' 
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10. Write \he equation of sodium hydroxide plus calcium chloride. 



11. Balance the above equation. 



12. What is meant by a part per million? 



REFERENCES 

Standard Methods 

A FM 85-13, Maintenance a^xd Operation of Water Plants and Systems 
AFM 85-14, Maintenance and Operation of Sewage and Industrial 
Waste Plants and Systems 
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AIR FORCE. WATER REQUIREMENTS 
OBJECTIVE ' » *> 

' . ■ The- purpose of this study guide is to aid you in becoming familiar 
with the water requirenienta of an Air Force Base. 

INTRODUCTION 

Every Air Force base has a need for a good water supply. The uses 
and conservation of water will be given under the following subjects: 

• DOMESTIC USES 

• INDUSTRIAL USES 

• QtJANTITY NEEDED 

• QUALITY NEEDED 

• CONSERVATION ^ 

DOMESTIC USES 

The word domestic means home. The use of water around a home 
would include drinking, cooking, laundry, bathing, flushing the toilet 
and even watering the trees and grass . 

Some homes have private swimming pools so this water is also 
considered as domestic. 

The Air Force uses domestic water just as you did at home. 

Water used to fi^t fires also comes from the domestic supply. 
When large barracks or warehouse catches on fire the fire department 
needs a supply of water that won't run out._ The domestic water stored 
in the water towers will give the pressure needed and the amount to put 
out large fires. 
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INDU^klAL USES 



Do you remember seeing water trickling down a large cooling tower. 
This is industrial water. There are two common -uses of industrial water 
on an Air Force installation. Water to furnish Air -Force operating 
equipment and heated water for sanitation purposes. 

Hospitals need pure water for mixing medicines, so they use 
distilled water. Airplanes use ^mre water to squirt in the engines. This 
makes them go faster. The water they use goes throu^ a demineralizer. 
This remove^ minerals from the water. 

' Boilers that heat large amounts of water for laundries use specially 
treated water to prevent a white scale from covering the insides ,of the 
boilers. • ' 

Almost all machinery that uses water can be ruined by using the 
same water that you drink. Treating water, so it can be used, is part 
of your job. You will be taught many ways to treat water so it will do 
the job that is neede^. 

QUANTITY NEEDED 

The amount of water needed by an Air Base will depend on several 
factors. If a base has a large Wherry or Capehart housing, the quantity 
of domestic water needed will be larger. 

The effective population which is all the residents living in the 
dormitories or in government housing, must be furnished domestic water. 

N 

At the beginning of each workday the civilians that work on the base 
start arriving. These nonresidents help make up the authorized popu- 
lation of the base. Water must be furnished so each may do his job 
^properly. 

Some bases have large hospitals. Hospitals use large amoimts of 
water. Bathing of> patients, mopping floors, kitchen uses and hospital 
laundries are some of the uses. 

The amoimt of water used by a base will vary both day and night and 
summer and winter'. If a large fire occurs and the fire trucks have to 
pump water all ni^t then the base could ^run low on water supply. This 
would be called an unusual peak demand. 




Fire fighting has to be taken into account when the 'base is first built 
so enough water will be on hand if need^. If the base grows^then more 
. water towers are needed. 

QUALITY NEEDED 

There are t wo types of water consumed on a military base which 
includes domestic aiKi industrial. 

* * 

Domestic Water 

Every base must have water that is clear, IfSve an acceptable taste 
and be free of bacteria. When water meets these requirements it is 
called POTABLE water. 

Even though water is potable there are somethings that m'ake it 
undesirable for domestic uses. These are odors and hardness. Odors 
come from sour gases in the water of from minerals such as sulphur. 

Some waters form a white scale in water glasses, pipes, and on 
anything where the water can evaporate. This white scale is the result 
of hard water. When water contains to much hardness the water must be 
softened. You will learn how to do this in a later lesson. 

Industrial Water 

Even if water is clear, has no taste or odor and has no germs it may 
need more treatment before it can be used in machinery* 

Since industrial water is used in boilers, heating systems,' photo 
labs, chemistry labs, hospital labs, and aircraft it has to be completely 
free of minerals. This even includes dissolved gases such as oxygen 
and carbon dioxide. 

Corrosive agents, scale forming minerals and dirt must be removed 
otherwise the equipment of industry would soon rust out or stop up. 

Control of water quality is the responsibility of the base commander 
. but he delegates this authority to the civil engiiieering officer for pro- 
viding a safe and satisfactory water supply. 

To the base medical officer goes the responsibility of approving the 
purity of the water and recommending any remedial action if needed. 

19 
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CONSERVATION 

Water is more important to human existence. than gold. The world 
is rapidly using up all available water sources. 

We should practice water 'conservation because it saves money, 
prevents waiter shortages, lessens the sewage plant load and most of all 
saves one of our greatest natural resources. 

Water waste can be recognized by constantly flowing urinals, 
fountains and wash basins. 

Excessive lawn watering, water running down the curbs, and leaking 
water faucets is wasted water. 

Some water systems can build pressures over 60 psi in the distri- 
bution lines. This type system can waste water as the amount of water 
coming out is. more than is necessary for normal us age, ✓also more leaks 
will develop. > , ' 

How can you prevent water waste? You can practice water conser- 
vation programs, inform the public of conservation measures and then 
u^e a follow-up inspection to insure effectiveness of the program. 

SUMMARY 

Domestic water is the water that is used for personal needs such as 
drinking, bathing, and cooking. 

Industrial water is the specially treated water that is used in heavy 
equipment, hospitals and aircraft. 

The quantity of water needed by an Air Force Base will vary frorp^ 
time to time but at all times must be able to meet peak demands. 

The quality of the water needed will vary as to its use. Potable 
water ^11 satisfy most base housing but is not pure enou^ for other 
uses. / 

Conservation of water is a job for everyone. You can help do your 
part by following a simple water saving program. 
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QUESTIONS . 

f 

Name four uses of domestic water ♦ 
♦ 

2. THow do you use water any differently than you did at home ? 

3. Wat- is industrial water? 

4. What is the effective population of an Air Base ? 

5. What is the authorized population of an Air Base? 

6. What is potable water? 

7. Name two substances that can give water an odor* 

8. 'Why does industrial water have to be treated for impurities even if it . 
is good to drink? 

9. Name three practices that indicate water is being wasted* 

> 

10. Why should we urge everybody to conserve the use of water? 
> . REFERENCES 

1. AFM 85-13, Maintenance and Operation of Water Plants and Systems 

2. AFM 88-10, Water Supply 
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TYPES AND CHARACTERISTICS OF WATER SOURCES 

OBJECTIVE 

The purpose of this study guide is to aiji you in learning tlie effects and characteris- 
tics of impurities in supply water and the various water classifications. 

INTRODUCTION 

,. Absolutely pure water is never found in nature. For military use, *ater must be 
free of dWease producing organisms, poisons and exicessive amounts of minerals or 
organic matter. Under these conditions, -the water is safe for drinking, cooking and 
washing. When tipie and equipment perniit, the water should be clear, cool ahd free of 
objectionable tastes and odors. Every effort should be made to provide water^of 
excellent quality because of the effect it has on the health and morale of the men. 

■ An adequate supply of water is essential to thf success of any operation. Man 
cannot live without water; it is mbl-e essential to him than food. Water must be rendered 
safe for human consumption by treatment to eUminate disease germs and iniurious 
chemicals. 

This study guide-should acquaint you with water sjuorces and various types of 
impurities associated with them. This will be covered under the following main topics: 

HYDROLOGIC CYCLE 

• CONTAMINATED, POLLUTED, PALATABLE AND POTABLE WATER 

I 

• CLASSIFICATION OF NATIJRALLY OCCURRING WATER SUPPLIES ' 

• IMPURITIES IN WATER 

• PHYSICAL AND CHEMICAL PROPERTIES 

• HARDNESS AND OTHER CHARACTERISTICS DUE TO DISSOLVED MINERALS 
' f'T DISSOLVED GASES . 

This study guide will not cover all the information, you need to know and study of 
additwnal material, is reconiniertded. 

^ HYDROLOGIC C:YCL5^ 

The hydrplogic cycle is the* term used to describe th^ natural circulation of the 
water in, on and above the earth. Water occurs in many fornj.? as it move^ through 
this cycle. Figure 1 is a simplified illustration showing the mor6 important procedures 
in 'the Cycle. ' * • • . 




Figure 1. Hydrologic Cycle 

The procedures in the hydrologic cycle include evaporation. DreciDitation trans- 

su"rfac°e"s ^nd^'?."' T'f' "^'"'^ evaporated from Sef^'erfifac^ Lnd 
surfaces, and by transpiration from plants. It is then condensed to produce cloud 
formations and returns to earth as rain, snow, sleet or hall. A portion of the DreciDi- 
tation evaporates, and flows over the earth as run-off into lakes ?nd streams, a^rtSe 

• i^UraMon ^"11 ^^^^^^^^ formatlonrby see^e or 

? hp ^ter which has seeped through the earth wUl find Its way 

leams °" "^^"'^ P°^°"« '"^dian until intercepted by 

streams, lakes or the ocean. ' 

omi JphV^*"^^ ^'"^^^ progress through a regular sequence; steps may be 

Xnlt n^P^^"* ^^'"P^^' pre^bitation in hot climates may be 

tr„? f f r «y.^P°'^'ed and returned to the atmo^ere. In such an instance the 
steps of mf titration, transpiration, and run-off are omitted. 

CONTAMDfATED, POLLUTED, PALATABLE AND POTABLE WATER ' 

<,„h J.n^o ""^h^^f potentially disease producing organisms or polsdnous 

substances which make it hazardous and therefore unfit for human consumption or " 
domestic use.' Water may be contaminated but not necessarily polluted. 

Polluted water is water containing substances such as garbage, industrial waste or 
mud, which makes it objectionable because of appearance, Taste or odor Po lS 
water IS usually contaminated and may be easily detected. 

Palatablllty of water is the term used which describes the characteristic of belne 

ci!or"t'u bid,l"rr.°' T'' J°k'^ beTTgni^Stly free from 

color, turbidity, taste, odor and should be cool and aerated. At least four human 

SnrturbidTtv^^ta''. "^./^'f "? ^'^^^ senses oTsl^(color 

and turbidity), taste, smell (odox ,'and touch (temperature). However It must be 
understood that palatable water Is not always safe to drink. " """^^ 

Potable water is water that is free- from disease-producing organisms oreanic 
and inorganic poisonoj^s substances and is safe for human consumS IltJ?ou?h 
potable water is safe to drink it may not be palatable. '"P'-ion. Aimougn 
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CLASSIFICATION OF NATUI^ALLY OCCURRING WATER SUPPLIES 
Surface Water 

For convenience, naturally occurring surface water supplies may be divided into 
three primary categories: fresh water, brackish water, and salt or sea water. 

Fresh Water, Fresh water includes flowing streams or rivers and water impounded 
by lakes or reservoirs. Most of the surface waters in the United States are fresh water. 
Air Force standards permit maximum chlorides of 250 ppm (parts per million), maxi- 
mum sulfates of 250 ppm, and a maximum total dissolved solids of 500 ppm. 

Brackish Water > Brackish water is found in many regions throughout the world, 
but occurs most frequently as ground water in arid or semiarid climates. Brackish 
waters are highly mineralized and contain dissolved solids in excess of 500 ppm, which 
make them objectionable as drinking waier supplies. Total dissolved solids may be as 
, high as 15,000 ppm. Both alkalinity and salinity range from very high to yery low. 

Salt or Sea Water. SaJt or sea water contains total dissolved solids above 15,000 
ppm. This is an approximation, since no clear-cut line of distinction can be drawn 
between brackish and salt water. Typical salt water has a very high sodium chloride 
content and a low alkalinity. It is generally found only in a free body of water such as 
ocean, sea or estuary. The most abundant source, the oceans, may contain total 
dissolved solids up to 35,000 ppm. Inland seas such as the great Salt Lake may have 
total dissolved solids of 200,000 ppm. 

Ground Water ^^^^ 

Ground water is made up of all water found beneath the surface of the earth. To 
^tap this source of water requires digging a well as the farmers did, or drilllng^avhole 
in tbe ground. Water cannot be found every time a well is drilled so several attempts 
may be necessary. Water may be found from 10 feetio several hundred feet deep. The 
depth at which water is found is called the water table. During dry years the water 
table can drop several feet and the wells may have to be dug deeper. 

IMPURITIES IN WATER 

* * 

As water goes through its hydrologic cycle, it gathers a lot of impurities. Dust, 
smoke and gases fill the air and tend to contaminate rain and snow* As runoff, water 
picks up silt, chemicals, and disease organisms. As it enters thje earth through 
seepage and infiltration, some of the suspended impurities mayJs^Jiltered out ^ but at 
the sahie time, other minerals and chemicals are dissolved ana caxtHta^^al^pg. It is 
now grolind water in an underground deposit and although it may now becSme less con- 
taminated or polluted, it is not necessarily pure and may contain disease organisms as 
well as harmful chemicals. 

In addition to the impurities in water resulting from infiltration, many may be 
contributed by the carelessness oi man. Examples of impurities created by man are 
garbage, sewage, industrial waste, insect sprays and the use of chemical, biological 
or radiological agents. 
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Impurities in water are either suspended or dissolved. The suspended impurities 
arc usually more dangerous to health. They include 'mineral matter, disease organ- 
isms, silt, bacteria and algae, and must be destroyed or removed from water that is to 
be consumed by troops . 

PHYSICAL AND CHEMICAL PROPERTIES 

Water takes on various charatcteristits and properties as it passes over and through 
the earth. These characteristics and properties vary and are dependent on the materials 
encountered. They may be classified according to means of detection as physical 
(detected by one or more of the five senses) and chemical (detected by chemical analysis)!! 
The most important phy^jical characteristics are turbidity, color, odor, taste, and 
temperature. The most important chemical characteristics are acidity, alkalinity, 
hardness and corrosiveness. Sometimes these two types of characteristics overlap; 
for example, iron in water is a dissolved mineral detectable by chemical analysis, yet 
its color and taste axe also physical. 

f Turbidity* » • , 

Turbidity is a muddy or unclear condition of water, caused by particles of sand, 
silt, clay or organic matter being held in suspension. The faster water flows, the 
more material it picks up and the larger the size of the pieces carried along. As water 
slows down, the larger particles settle out. When the flow stops, all but the finest 
particles settle out. Clay and silt remain suspended in water longest, because their 

particles are smallest. ^ 

✓ 

The removal of turbidity is essential in the production of potable water. Such 
removal reduces contamination, extends the time between backwashing of filters, 
decreases chlorine demand, improves disinfection and improves the acceptability of 
the finished water. The" Air Force Medical Service requires turbidity removal because* 
suspended particles often contain disease-producing organisms. 

Color 

Color in:water is due to the presence of colored substances in solution, such as 
vegetable matter dissolved from roots and leaves, human and iron salts. True color 
is that due to substances in true solution; apparent color includes true color and also 
that due to substances in suspension. Water taken from swamps, weedy lakes and 
streams containing vegetation is most likely to be colored. Color may also be caused 
by industrial wastes, iron and manganese salts, and turbidity. Turbidity is apparent 
color, rather than true color caused by materials of vegetable origin. Color as such 
is harmless, but objectionable due to its appearance and to the tastes and odors some- 
times associated with it. 

Odors and Taste 

Taste and odors found in water are caused by algae (small water plants), decom- 
posing organic matter, dissolved gases, or industrial waste. Mineral substances may 
also be a cause. The chlorination of water may produce odors and tastes of its own or 
increase those of the responsible organisms through destruction. Potability is not 
normally affected by the presence of odor)5 and tastes. On the other hand, palatability 
' is frequently affected, particularly when an agent such as bone or fish oil is present. 
Water containing one of these agents in noticeable quantities is unpalatable. ^ 
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Temperature 

Warm water tastes flat. Lowering the temperature of water suppresses odors and 
tastes^ therefore, Increases its palatabllity. In the summer the temperature of deep 
lakes and reservoirs decreases sharply from top to bottom, . By lowering the depth of 
Intake, it may be possible to draw relatively cool water even during hot weather. Water 
should be drawn from the lower depths when possible. Cool water is more viscous 
than warm water and thus is more difficult to filter and coagulate. Water treatment 
rates should be reduced when water temperatures are less than 45^F, ' 

Acidity and Alkalinity 

Some impurities found in water cause it to be either acid or alkaline in its ch^ical 
composition. Since acidity and alkalinity plscy an important role in water treatment, 
the degree of alkalinity or acidity and their relationship in a given water source must 
be determined. 

The pH value of a water sample is a measure of the acidity or alkalinity of the 
water. The pH value ranges from 0 - 14, with 7 the neutral point, A pH value ranging 
from 7, 0 down to 0 Indicates decreasing alkalinity, A color comparator or an electric 
pH meter can be used to determine the pH of a sample, 

ACID ALKALINE 

/ f t t I I f / II I. , • I » / 
0 '7 14 

HARDNESS AND OTHER CHARACTERISTICS ^DUE TO DISSOLVED MINERALS 

Hardness 

The total amount of solids in water depends upon the material with which it has 
been in contact, the length of exposure and the amount of carbonic acid present. Hard- 
ness results from the presence of soluble salts of alkaline earths. The most common 
alkaline earths are calcium and magnesium. Hardness is undesirable in that it 
consumes soap, makes water less satisfactory for cooking and produces scale in 
boilers and distillation units, The.foUowing minerals cause hardness in water, , 

1, Calcium Carbonate is alkaline and only slightly soluble; causes carbonate 
hardness and alkalinity in water, ^ 

2, Calcium Bicarbonate contributes to the alkalinity and carbonate hardness of 
water. Calcium bicarboi&te, when heated, produces carbon dioxide and 
calcium carbonate. This calcium carbonate precipitates as scale in boilers 
and distillation units, 

' «^ . 

3, Calcium Sulfate or Gypsum. Causes noncarbonate hardness in water, Bemg 
more soluble in cold water than in hot, it separates from the water in boilers 
and forms scale on boiler tubes, 

"4, Calcium Chloride causes noncarbonate hardness in water. 
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C 5. Magnesium Carbonate (Magnesite) and magnesium bicarbonate act the same In 
water as calcium carbonate and bicarbonate. 

6. Magnesium Sulfate (Spsom Salts) adds to the noncarbonate hardness of water 
and causes boiler scale* In amounts greater than 500 parts^per million in 
drinking water, it acts as a laxative* • . 

7. Magnesium Chloride has the same properties and effects as calcium chloride. 
However, the scales formed are ^mewhat softer than those formed by calcium 
chloride. 

Iron , / 

Iron is undesirable because it imparts a rusty color and objectionable taste to 
water. It also forms crusts in plumbing aqd piping. When iron is present in water, 
bacteria may also be present These organisms cause taste and odor as well as 
clogging of pipes* 

Manganese 

While not encountered as often as iron, it is found in both surface and ground 
water. Its presence in water norntially causes a grey or black color. Methods of 
removal are the same as for iron. The total concentrations of iron and manganese 
in potable water should not exceed 0. 3 milligrams per liter. 

Sodium Carbonate (Soda Ash) and Sodium Bicarbonate^Baking Soda) 

These Increase the alkalinity of the water, thus raising the pH of the water. In 
steam boilers, hot water heaters and distillation units, these minerals break down ' 
and release carbon dioxide, which corrodes metal tubes* ^ ^ 

Sodium Chloride (Table Salt) ^ 

Sodium chloride is of importance principally in connection with the salty tastes« 
produced and in identifying the nature of noncarbonate hardness* If present in water 
in amounts greater than 400 PPM, the taste becomes noticeable. 

Sodium Sulfate (Gluber Salts) 

This has a laxative effect when present in drinking water in amounts over 500 PPM. 
In large amounts, it causes foaming In boilers and distillation units. 

DISSOLVED GASES 

The concentration of a gas In water- is directly proportional to the concentration, 
or partial pressure* of the gas In the atmosphere In contact wfth the water surface. 
In general, this involves the water temperature, its salinity and the altitude. The 
gases of primary interest to water supply are: 

Oxygen 

Large amounts of dissolved oxygen are found in rain water. The amounts In surface 
water vary greatly, depending on the amount and type of pollution, the degree of 
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self-purification, the action of algae and the temperature of the water. Polluted water 
will exhaust the oxygen siqpply, while clean water will contain a lot of dissolved oxygen. , 
Gold^water contains larger amounts of dissolved oxygen than warm; as water temperature 
rises, the dissolved oxygen is released to the atmosphere. Decreased^pressure on 
water has thje sanae effect, releasing oxygen to the atmosphere. Dissolved oxygen in 
water and in contact with metals will cause many metals to corrode. 

Carbon Dioxide 

The presence of carbon dioxide in water contributed to the degree of hardness and 
acidity of the water. Water acquires this gas in four ways: from the air by nitural 
movements of water in contact with the air, such as currents and wave action: by con- 
'tact with decomposing v'egetation, which gives off carbon dioxide'freely; by the reaction 
of alum and soda ash in the coagulation process; and by contact with the gas in under- 
ground deposits. A high carbon dioxide content usually makes water more corrosive 
to metals. 

Hydrogen Sulfide ' 

Hydrogen sulfide in solution lends a disagreeable taste and rotten-egg odor to 
water. Ground water aJ}sorbs sulfides by passing over 'sulfur -bearing rocks. Hydrogen 
sulfide is also responsible for the destruction of cement and concrete as w^ll as the 
fbrrosion of metals. In small amounts, it is unpleasant but not dangerous. In large 
amounts it is harmful. 
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The hydrologic cycle is the natural circulation of water In, on and above the earth. 
In the various stages of the hydrologic cycle, the. water is in various conditions such as 
contaminated, polluted, palatable and potable. Water is either obtained from the surface 
of the earth or deep in the ground. There may be many things in the water such as - ^ 

turbidity, color, odors, bacterias, chemicals, and dissolved gasses. 

QUESTIONS 

1. What source of water has the most impurities? 

2. What governs the impurities in surface water? ^ 

3. What does a high carbon dioxide content do to water? 

4. What is turbidity? / 

5. What is the most common cause of color in water? 
.6. What causes tastes and odor8^in water? 

7". What is meatit by pH value? 

8. How is pH value measured*^ « ^ 

9« Whit are the effects of iron and^xxianganese in water? 
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10. What causes some water to have a "rotten-egg" odor? 
REFERENCES 

1. ATM 85-13, Maintenance and Operation of Water Plants and Systems 

2. TM 5 -700>' Field Water Supply 
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' LABORATORY SAFETY 

OBJECTIVES 

The objectives of this study guide are to aid you in learning the precau- 
tions to take when workirig with chemicals arid laboratory equipment and to 
aid you in developing general knowledge of first aid requirements in ckse of ' 
an accident while working in the laboratory. 

I3OTR0DUCTI0N ' ^ 

The work of a laboratory technician in water treatment can be safe if 
he will use a few simple precautions,in the handling and mixing of chemicals, 
handling glassware, |ind operating the equipment. Accidents just do not 
happen; they are caused by unsafe acts or conditions. The skilled operator 
knows his chemicals, the proper method of mixing them,>th? correct man- 
ner of operating Kis equipment, and the importance of keeping his mind on 
his work. The last is very important because many times after*an accident, 
the victim has remarked, "I was not thinking. " Information of importance 
to you in gainijig an understanding of how accidents are caused and preven- 
ted is presente4 in this study guide. However, not all the information you 
need to know is contained here; therefore, additional study on the' subject 
is recommended. 

HANDLING ACIDS AND ALKALIES 

Acids and alkalies can cause severe burns when they come in contact 
with the skin. When handling chemicals, never put your hands to your eyes 
or face without first washing them. The skin tissue of your fice is more 
sensitive than that of your hands and is more easily irritated. Rubber 
glovejs must be worn when handling concentrated acids to protect your hands. 
To protect your clothes a rubber apron is worn. Before using these protec- 
tive devices, they should be inspected to assurre they will afford the pro- 
tection for which^they were intended. - ^ 

When mixing acids with water, the acid should be slowly poured into 
the water and the solution should be constantly stirred with a glass stirring 
rod to prevent a concentration of the acid in a small area of the water.. 
iFailure to follow this procedure may result in the acid boiling and splatter- 
ing the surrouflding area, causing severe bums to the operatdrs. Never 

* • ^ • - * * ' 
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pour water into the acid. Should one of your coworkers get a spray of acid 
in lus fece or eyes, do not let him put his hand to Ms fece, place Mm im- 
me^ately under a shower where plenty of water can wash awarthe acid, 
^i^T ^^\^°\if^edUtely to the doctor for further treatment. An icci- 
dent report should be made as soon as the patient's condition permits. 

CUTS FROM GLASSWARE 

a^^o?o®^cK ® S?^^ any glassware for testing water, an inspection of the 
article should be made for cracks and rough edges. Jhe rbugh edges can 
develop mto cracks and when a stopper is appUed my break the tube and 
spiU its contents. 

cr^H^l^^f " ^f^^ ^ ^"^"'"^ ^ ^ ^s^' always apply the heat 

ft^ heat -concentrated in a small area can set up 

a strain that might cause the beaker or flask to crack. ' 

LABORATORY SAFETY EQUIPMENT 

^Although some differences will be found in safety equipment wMch has 
been provided for use in the water testing laboratories, roast laboratories 
will have similar items of safety equipment. , » tunes 

" aprons are provided and should always be worn when you are 

S^msTH!i?*r '^^^ P'^^"^ ^^^^ P^°*«^ y°"^ clothes fJom water 

spills and also from acid and other chemical spills. 

f «,f«H"?^/ available and are a "must" when you handle coi^cen- 

l^ l^^i "^^'^^ when handling conoentra- 

fiin^nl^^^ ^"''^ hydroxide. Most of the acid solutions ' 

used in testing water samples are quite weak (N/50) and do not require the 
use of rubber gloves. 

Asbestos gloves are provided for the handling of beake'rs and other 
muffle fu:^*?r"^ ^"^"^^ ^""^ removing hot samples from a ' 

rannnf ^I'^-i^^ ^Hu^ ""^^ ^ provided for handling equipment wMch 
cannot be picked up with your bare hands. Some of the toi^s have rubber . 
covered tips so that glassware may be handled without danger of cracking. 
St UquT °' ^"'"""^ ^^^^^ conSininI 
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Plastic face shields and eye goggles are provided for your protection 
when handling concentrated acid or caustic solutions and when heating 
solutions and 'evaporating them to dryness over Bunsen burners as there is 
some. danger of spatter just before jdiryness is reached. 

Some laboratories are equipped with emergency showers and also 
special eye washers. Although this equipment may never be needed, you 
should give them an operational check at regular intervals, and you should 
make sure that you know exactly where they are located. 

Properly equipped laboratories will be well ventilated and some are * 
provided with exhaust fans for the quick removal of toxic or noxious fumes. 

Walkways in^ the laboratory may be^ covered with rubber floor mats to 
lessen the chance of slipping and falling. They also act as an electrical 
insulator and decrease the possibility of receiving an electrical shock when 
operating electrical powered stirring machines, etC|. 

SUMMARY 

Do not forget that most accidents can be prevented. Your part in 
safety programs is to become familiar with the causes of accidents and to 
follow the prescribed rules and precautions to prevent them. Some of the 
conditiqns which eause accidents are poor housekeeping, horseplay, im- 
proper use of equipment and nonobservance of warning signs. Pay atten- 
tion to the safety procedures in working with laboratory equipment, and the 
accidents should.be few, if any, in this course. 

QUESTIONS 

1. What tjrpe of inj'ury may result from bodily contact with acids and alkali 

2. What chemical is a safe, antidote^ for acid burns ? 

3. List five items of •Safety equipment which should be available in the 
water testing laboratory. 

4. When should personnel performing water tests don a rubber apron? 
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COLLECTING AND LABELING WATER AND WASTE SAMPLES 
OBJECTIVES 

Upon completion of this unit of instruction, you should be able to collect water 
samples which are suitable for test purposes from the water treatment plant, designated 
points' in the water distribution system, swimming pool, heating plant.^and waste 
samplos from the waste processing plant. 

INTRODUCTION 

The collection of water samples and the care given the samples-^fcefore they reach 
the water testing laboratory are very important. The biggest pgpblem in the 
of water samples is to collect samples which are truly representative of the water from 
which they are taken. 

' Frequent chemical analyses of both raw and treated water are commonly made to 
plan and control treatment and to insure that the water is satisfactory for industrial 
j)urposes. of that it is safe atad poUble. 

Water and waste processing specialists are responsible for'the coUection of water 
samples from many sources a^d may also be responsible for the collection of sample, 
from the wasHe processing plant on the base. 

The information on the. coUection and care of water samples will be included under 
the following main topics: . , ■ 

. * PURPOSE OF WATER SAMPLING ^ 

"i*= PROCEDURES USED IN COLLECTING WATER SAMPLES 

* LABELING WATER SAMPLES ' . ^ ' 

* ' PURPOSE OF WASTE SAMPLING - 

* PROCEDURES USED IN-COLLECTING WASTE SAMPLES 
INFORMATION 

PURPOSE OF WATER, SAMPLING ^ 

The coUection of water. samples is a preliminary step to water testing. The pur- 
pose of water sampling is to obtain representative samples of 'water in order th^t w**" 
tests may be performed. The water tests may be required for a variety of reasons, 
among them being to determine: the iuiUbility of untreated water for * «P«f^ 
the water treatment necessary to make the water suitable for use, whether or not the 
wate; treatment being^given is producing satisfactory results, and the concentration of 
residual chemicals after treatment. 

w. 33 % 
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PROCEDURES USED IN COLLECTING WATER SAMPLES 
Collecting Samples of Treated Water ^ 

Water samples from a water treatment plant are required for both chcmftal tests 
and bacteriological analysis. "Be wre to use clean sample conti^ners in all cases. 

^ 

CHEMICAL ANALYSIS. . The following instructions should be observed when collect- 
ing samples for chemical analysis: 

\ 

\. Plant - Take sample inside a treatment plant from channels, pipe taps, 
or other points wh^re good mixing is obtained. 

Z. Tap ar Distribution System - Let water run from tap long enough to draw 
water from main befpre taking sample. 

If Sample for dissolved gas test - Take care to prevent change in dissolved 
^ ' gas content during sampling. Flush- line, then attach rubber hose to tap, and 
let water flow until all air is removed from hose. Drop end of hose to bottom 
of chemically. clean sample bottle and fill gently, withdrawing hose as water 
rises. Test for the dissolved gas immediately. 

BACTERIOLOGICAL ANALYSIS. In obtaining samples for bacteriological analysis, , 
contamination of the sample bottle, stopper, or the sample itself may cause a potable 
water supply to be reported as nonpotable. Full compliance with the.foUowing precau- 
tions is necessary to assure the correct analysis. 

1. Bottles ..Use only clear, sterilized bottles with glass stoppers. Cover 
stopper and neck of bottle with a square of wrapping paper or other suitable 
material to protect against dust and handling. Before sterilizing sample* bottle 
to test chlorinated wateV, place 0.02 to 0.05 grams of sodium thiosulphate, 
powdered or in solution, in bottle to react with the chlorine residual in the 
sample. Keep sterilization temperature under 200°C to prevent decomposition 
of the sodium thiosulphat^. Empty bottle, but do not rinse. 

2. ' Sampling from a Tap. After testing for chlorine residual, close the tap 
and heat the outlet v^th an alcohol or gasoline torch to destroy any contaminating 
material that may be in the tip of the faucet. Occasional samples may be col- 

. lected without cleaning the faucet in ojrder to determine whether certain faucet 
outlets dre contaminated. Flush tap long enough to draw water from main. 
Never use rubber hose or other temporary attachments when drawing water 
'from the tap. Without removing protective cover, remove bottle stopper and 
hold it. Dp NOT touth the bottle mouth or sides of the stopper. Fill the 
bottle three -fourths full. Do not rinse the bottle as the sodium thiosulphate will 
be lost. Replace the cap and fasten the protective cover with the same care^. 

0 , 3. Sampling from Tanks, Pool's, Lakes, and Streams. Whe n collecting 

samples from standing water, remove the stopper as above and plunge bottle • 
mouth down, at least thtee inches beneath the surface. Fill the bottle, moving 
it away from the hands so that the water which has contacted the hands'does not 
enter the bottle. Discard a quarter of the water and replace the stopper. For 
collecting samples from swimming pools, collect the sample from the side of 
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the pool near the deepest i^art. Take the -sample while the pool is in use, 
preferably during the l^aviest bathing load. Use the bottle containing sodium 
thiosulphate. For collecting samples from lakes or ponds, the samples can 
be taken from a boat or. pier about 25 feet from shore and in water at^least 
4 feet deep. Do not collect samples at shore. Collect stream samples from 
a point where water is flowing^ not from stagnant pools. In a meandering 
stream, collect a sample at a point where flow velocity is normal. 

4. Transporting and'storing Samples. Biological changes occur rapidly^ • 
' therefore* if a test is to be made at the installatibn, perform the test within 

one hour if possible, or refrigerate it and test within 48 hours. If the sample, 
is to be tested at a laboratory away from the .insjtallation, provide the f3.stest 
possible transpoirtation which is practical. 

5. Sample Data. Identify each sample fully. Note the sampling point, ihclud 
ing the building number for sample of distribution systems, source of water, 
such as installation water supply, lister bag, ra^ water, unchlorinated well 
water, cistern or swimming pool, date of collection, ^nd chlorine residual at 
the time of collection, 

* 

Collecting Samples of Raw Water (Ground) 

The procedure f6r collecting a raw water sample from a well that is equipped with 
a pressure pump is as follows: 

1. The point of sampling should always be as close to the source as possible. 

Z. The most desirable points' of collection are either from the pump housing 
itself or from the discharge line as closd to the pump as possible. A small 
rubber hos^^ connected to a short piece of copper tubing and a valve is very 
satisfactory for a sazi^ling line. 

3. It is nec^i^ssaxvy to flush out the sampling line before the sample is taken. 

4, The sampling line should be adjusted to reach the bottom of the sample 
container. 

5* The sample is then permitted to overflow the container to minimize the 
effects of exposure to the atmosphere. 

6. ,The sample should never be taken in a shallow container such as a pan or 
a bucket. 

7. The container should be capped or corked immediately after the sample 
is drawn tcr^avoid contamination. 

8. Use only clean containers to collect water samples. It is a good practice 
to always rinse container with some of the sample water before taking sample. 
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.Callecting Samples of 'Raw- Water (Surface) 



Surface water uaruall)r means water ffom a lake, stream', or spring. It is difficult 
to say exactly where the point of sampling should be, because, of the varied conditions 
of surface water. Your judgment and good reasoning is required to select the samplmg 
point where the water is most representative. 

A sample from a lake or stream should neve'r be taken at or near the inlet', a. stag- 
nant pool, along the shore, or near the surface, as thfese waters are neither represen- 
tative nor pure. ^ 

To obtain a sample from a lake, stream, or spring, the container should be thor- 
oughly rinsed, submerged, and unjcorked beneath the surface. When the container is 
full, it should be corked and withdrawn. * 

' 1 
LABELING WATER SAMPLES 

Water samples are of little or no value unless they are properly identified. Many 
times samples lose their identity while being transported from the point of collection 
to the water testing laboratory. If the containers are properly labeled, there^wiU be 
little chance of a mix-up. Properly l^ibeled water samples also aid the analyst in filling 
out his reports as he tests the water. 



The label j^sed on the sample container 
IS usually locally designed. Sometimes 
tags are attached to the container by mask- 
ing tape or rubber bandsw Gummed labels 
or tags, such as the ^e shown in figure 1-, 
have proven quite satisfactory. The infor- 
mation required to be written on the label 
varies, but usually includes, date, unit, 
specific mission, temperature, presfure 
in psi, location, phone, and name of person 
who collected the sample. 



DATE 

UNIT 1 ^ , 

MISSION 

Q TEMP 

PRESS « i 

LOCATION ^ PHONE 

SA MPLED BY^^ t. 



Figure !. Sample Tag 



PURPOSE OF WASTE SAMPLII^G • . * 

The purpose of waste sampling is to obtain a representative portion of the totel 
wastewater flow so that tests m?iy be made to determuie the composition and Character- 
istics of the flow. Samples must also be obUined to determine the effectiveness of ' 
treatment and to establish whether or not there is a need for a change *in treatment or, 
procedure. 

Types of Samples " ' ' 

• Sewage is composed of 9^. 9 percent water and 0. 1 perceht solids. This 0. 1 percent 
consists of both organic and inorganic matter which may be dissolved^ or in a suspended 
condition with varying characteristics. The solids tests that are run will give you a 
good, idea of how the sewage should b€ treated. Before the tests can be run you must 
collect representative samples of the flow. Waste samples are grouped into two general 
classes, depending upon the manner in which the samples w^re t^ken. The two classes ' 
arc g(rab samples and composite samples. 
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GHAB SAMPLES. Grab samples are those taken by sampling the sQwage at t>no 
point, at one time. They cannot give mach information aboat the average condiciuns o£ 
the sewage throughout the day, but they do show a condition ncwdmg immediate control.^ 
Some tests require grab samples since there are rapid ch<yiges of some substances in 
a given length of time. -The settleable solids test is always made from d grab sample. 



COMPOSITE SAMPLES. Composite samples consist ol individual samples taken 
rit regular intervals over a selected period of tfme and thoroughly mixed prior to testing. 
The composite sample may be mixed after the additipn ot each individual sample, or at 
the end of the samj^ling pcrXbd»^ Raw sewage samples are collected hourly unless special 
studies or test^ are being made. The volume of individual samples taken should be m 
proportion to the volume of sewage flow at the time the sample is taken. Thus a high 
flow will have a larger sample than a low flow. The samples may^e kept in wide 
n)outhed, stoppered glass bottles, or covered enamel pails, and must be kept refrig- 
erated until they are tested. This helps to slo,w down the rate of decomposition f the 
sewage. Composite samples are taken for suspended solids test» total solids ic-'^t, 
and vulatile solids test. The usual sampling period is 24 hours, although shorter 
periods may be used. 

Obviously the advantage of composite sai^les is that this gives a better, idea oi 
average conditions. This is necessary when planning the overall operation of the vvaste 
treatment plant. 

PROCEDURES USED IN COLLECTING WASTE SAMPLES * 
Grab Samples ' 

Grab Vatmples, which may be required 
to overcome rapid changes in sewage, arc 
uene rally taken for the ioUowing tests: 
dissolved oxygen '(DO), pH, chlorine demand," 
residual chlorme, settleable solids, and 
relative stability. They are also used to 
determine the concentration of mixed hqi;or 
ind the cortcentration of sludge in the 
"activated sludge proce^ss," for monthly 
tests lor digester contents, and for stream 
surveys. - ^ ^ 

Composite Sam^Dles 

A very important step of composite 
sampling is to insu^e^thi^t the samples are 
t ollected at regular intervals over a selec- 
ted time period e. g. , hourly, each half- 
hour, etc. A composite sample is generally 
taken for the determination of suspended 
solids, total biochemical oxygen demand ^ 
(J30D), total and volatile solids of sludge ' 
and grease. ' ' ^ 
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Figure 2. Collection of Composite Sludge 
Samples 



Composite sludge samples taken from raw sludge going to a digester, or digested 
slud|»e going to drying beds4Phould be made up of individual samples collected at regular 
intervals over the pumping or drawoff period. Space these \ntervals to provide for the 
collection of at least five or six in<iividual samples over any one period. The composite 
sample must represent all pumping periods for the entire day. The method of collecting 
sludge samples is shown m figure 2, ^ 

Sewage and Effluent Samples 

Take samples of flowing sewage or effluent from channels at two-thirds the depth 
of flow and at a point free from back eddies. Figure 3 shows the design of a sludge and 
an effluent sampler. Another common type of sampler is shown in figure 4. Samples 
may be taken from such places . as a channel, see figure 5, or from a tank ahead of the 
overflow weir, see figure 6. * 
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REMOVABLE 3'PIPE CAP 
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REMOVABLE CAP SECURED 
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SECTION THROUGH SAMPLING DEVICE 
CAN IN EMPTY (INVERTED) POSITION 



SEWAGE EFFLUENT-SAMPLER 



Figure 3. Samplers Designed for Collecting Sewage and Sludge 
Dissolved Oxygen Samples ^ ' 



* Samples for dissolved oxygen tests must be taken carefully with special apparatus 
to prevent increasing the oxygen content by contact with air. Narrow mouth 8 ounce 
bottles with glass stoppers should be used with the sampling device. See figure 7. 
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Sludge Samples 



Sludge samples may be taken from a digester by the device shownin figure 4. Its 
use in the sampling hole of a digestion tank is illustrated in figure 8* The chain is 
marked to indicate depth at one -foot intervals* Collect samples of digester sludge at 
intervals of 3 to 5 feet, starting at the top and working down to avoid agitating the lower 
sludge Irom which the subsequent samples are taken* Pour each sample into a wide 
mouth bottle, appropriately marked, and rinse the sampler thoroughly before each s 
sample is tSken. A pitcher pump with a hose marked at one-foot intervals may also be 
used* 



SUMMARY 

A wdter sample should be collected so 
that it represents what it is supposed to 
represent* It should not be diluted, con- 
centrated, or contaminated before testing* 
Samples should be labeled so that they do 
not become mixed' up and so that the report 
may be sent to the right place* 

Measuring the impurities in sewage is 
very important in the operation of a sewage 
plant* To be able to make these measure* 
mcnts, it is necessary to be careful in both 
collecting the sample and in making the ^ 
tests* 

There are twq types of samples in sew- 
age tests* They are grab samples^and com- 
posite samples* The grab sample gives an 
indication of conditions at any one time* It 
IS also used for test results where the pas- 
sage of timV increasesethe inaccuracy of a 
t(.«sL* The scttleable solids test is one test 
requiring a grab sample* The composite 
sample is taken at different times and gives 
results for an average set of conditions* 
The total solids, suspended solids, and also 
the dissolved solids tests all require a com- 
posite sample. 

QUESTIONS 




Figure 8* Collection of Sludge Sample 
from Digester' 



1* What IS the biggest problem in obtaining a water sample? 



<i. What type of bottle is used as a container for a water sample? ''•k 

3, Nt^jl^ two precautions which should be observed to prevent a water sample from 
becoming contaminated by the atmosphere* 

40 ij ; 



4, Why should samples be labeled as soon as they are taken? ' 

5, Where should a water sample be taken from a water supply well? 

6, What are grab samples ? 

7» Which tests require composite samples? ^ 

8,, Where are samples taken from flowing sewage? 

9. What IS a composite sample? 

REFERENCES ^ v — 

!• AFM 85-13, Maintenance and Operation of Water Plants and Systems 
Boiler Feed and Boiler Water Softening - Blanning and Rich 

3, Water Treatment and Purification - Ryan 

4, AFM 85-14, Maintenance and Operation of Sewage and Industrial Waste Plants 

5, Standard Methods, 10th Edition 
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WATER ANALYSIS 
' OBJECTIVE * * 

This study guide ij? to prcsipnt the more commonly used water tests that are Dcr- 
' formed at water plants, 

INTRODUCTION 

The Air Force water supply varies greatly over the face of the world and'each r 
insullation has its own differences in water characteristics. The water tests you per- 
form in this unit of instruction will enable you to perform almost any test required of 
you, whether you be in Japan, Spain, or stateside. 

PURPOSE OF WATER ANALYSIS 

When'a site is selected as a water source, the water must be analyzed to deter- ' ' 

mine how the finished product will taste. Analysis will also show what type of treat- 
ment is necessary and the chemicals required. 



At old esUblished water plants, a periodic analysis will determine if the plant4»iS * ' 
operating efficiently, that is, if enough or too many chemicals are being added. ^'^-4 ' ''^ 

Industrial water used in heating, cooling units, boilers, aircraft, radiators, et<^J 
/ must be analyzed often so as not to damage expensive equipment. 

METHODS USED IN ANALYSIS 

Water analysis can be broken down into four methods of testing: gravimetric 
volumetric, colorimetric, and the use of electric meters. You will find a full expla- 
nation of each test in the manual you will use. 



Gravimetric 



This is a test that uses weights and balances. If you measure the weight of a con- 
tainer of dirty water, you can then evaporate all the water and again weig^the container 
with the dirt in the bottom. * You can easily determine the weight of the dirt. This is a 
gravimetric analysis. \ ^ - ^ 

Volumetric VJ/ 

This method of analysis is based on pouring a small amount of chemical into the 
unknown water sample and watching for a reaction. This is explained in the 563X0, 
Career Ladder Laboratory Manual in the "Titration (Volumetric), Procedures for." 
Colorimetric > 

This method of testing is quite simple and the one you n ay use often. In this test 
you add one or more chemicals to a sample of water and watch for a color change. 
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Electric Meters * ' * , 

«. * • 

This method of testing is becoming quite popular because of the ease of use and the 
accuracy obtained. You use this method in testing water for pH and specific conductance. 
' " ' • r » ^ 

' A NA LYSIS* PER FOR MED 

In this course of instruction, you will perform those analyses that you will perform 
at your next assignment. Yc^u will be given a laboratory manual. This manual will 
explain the step-by-step procedures for each method of water analysis. The analyses 
you'will do in this course: * . 

Temperature AlkaUnity / 

Turbidity * ^ Dissolved oxygen 

Color r / Dissolved iron 

Chlorine residual Dissolved fluoride 

pH ^ Phosphate 

Hardness ' Jar test 

Water analysis is necessary when the purity or treatment procedures are in 
question. Analysis procedures can b« divided into four metho^: gravimetric, volu- 
metric, colorimetric, and the use of electric meters. < 

T • 

K 

QUESTIONS 

1. Name three reason^ for performing water analysis. 



2. What is industrial. water ? / 

3. Balances and scalers are used in whjj|h method of testing? 

4. In which water analysis is the volumetric method used? 

5. Name two analyses using electric meters. 
REFERENCES 

SC 3ABR563^30-II-6, Water Analysis 
563X0V Career Judder Laboratory Manual 

AFM 85'-13, Maintenance and Operation of Water Plants and Systems 
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OBJECTIVK 



WASTEWATER ^ANALYSIS 



The purpose of this study guide is to help you to understand and become familiar 
^ with the analyses which are required to gain t>ie necessary information for proper op. 
oration of the waste disposal plant for the base. 

iNTRODUCTION 

^ The term "wastewater. " as used in this study guide, defers to the spent water of a 
base or community containing the wastes from domestic uses plus some industrial 
wastes, which are collected in the sanitary sewer system and flows through. the waste 
disposal plant and is discharged into a receiving stream. On an average it'is 99 9%' 
(by weight) water. The remaining 0. 1% contains the wastes produced in hum« Jiabi- 
tations and consists of excrements, dirt from the laundry. disli«^ater and other house- 
hold wastes/ plus varying amounts of industrial wastes. It is frequently termed-"sani- 
tary sewage, " a term indicating origin rather than condition. ^ 

The purpose of wastewater treatment is to remove the suspended solids an^ to re- 
duce the biological oxygen demand to a level which will not deplete the dissolved oxy- 
gen from the receiving stream. It should be noted that the treatment does not remove 
the dissolved inorganic materials sucli as chlorides. -sulfates; and phosphates from 
the water. 

The purposes of the wastewater tests are to determine the degree of treatment 
r^jquired to control'the operation of treatment procedures, and fb determine the effi- 
ciency and/or adequacy of the treatment, as shpwn by the quality of the effluent. . 

Information pertajning to wastewater analysis wiU be^esented under the foll.ow- 
ing main headings:- 

* V CHARACTERISTICS AND STRENGTH OF V/ASTEWATER 

* DETERMINATION OF THE SOLIDS CONTAINED IN WASTEWATER 

* DETERMINATION-OF THE BIOCHEMICAL OXYGEN DEMAND 

* DETERtoNATIONJ^F RELATIVE STABILITY 

This study guide does not contain all of the information that you should know about 
the analysis of wastewater and the study of the additional material which is.listed in 
the references at the end of th« study guide is recoixiinended. 
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CHARACTERISTICS AND STRENGTH OF WASTEWATER 



The characteristics of both treated and untreated vwastewater, which may be deter- 
mined by inspection or by teits, include color, odor, B.O, D. , relative stability, pH, 
ti*mpcrature, total solids, rate of settling, and «tre;igth or quality.* ^ 

Krcsh sanitary sewage is normally^gray in .Color, laving somcWhat the odor and 
appi-arancu of dirty ^isJiwater. Stale or ^'septic" sanit iry sewage i^Mark tp black in 
color with varying jatflmsities of disagreeable odors. 1 he change from fresh to septic 
si wagc results frpjn the action of bacteria present in tne organic material which is 
'toniaincd in/the sewage. Jhe waste products in wastewater consist of both organic 
riml inorganic materials which may be in the fonft of either suspended or dissolved 
solids, ' It IS the organic matter which gives sewagfe its objectionable properties, and, 
H IS the decomposition of this material by bacteria that results in the formation of 
scpuc sewage. The organic niatter may be stable, meaning that it is resistant tp 
bacterial preakdown, oj it may be Unstable and breakdown e'asily. 

The t/erms weak,^. jijedium, ox strong are used to describe the strength o/ sewage. 
The concentration of w^ste materials included will determine which term should be 
used. Sfee Table 1 for*conditions w*hiciiJiaX0-,been designated'.as being either weak, 
mecfiumj or strong. . ' - \ ■ -* 

' ' - - ' , 



Analy 



lysis 



^ Total SoHds 



^ Total Volatile Solids 

> 

Suspended Solids 

Volatile Suspended Solids 
Settleable Solids, m'g/1. 
Biochemical QxygenDemand 
Total Nitrogen 

Am/nonia Nitrogen 

Soaps and Fats * ' 



Weak 


Medium^ 


Strong 


^430 


' 720 


1200 








240 


420 


810 


^ lOo 


200 


'370 


7.0 


130 • 


^ 220 


2 / 


4 , 


6 , 


100 


210. 


410 


10 


30 


40 




10 


- , 20 




• 10 . 


20 



Table 1. Average Compojs ition of Various Strength Sewage at 
■ {viilitary Installations, Expressed in mg/1 (ppm). 



45 



ERIC 



195 



DETERMINATION OF THE SbUDS CONTAINED'iN^WASTEWATER < 
' Total Solids . » * 

"Ni^-'total solids include ail of the dissolved solids plus all of the suspended-solids 
contained in the wastewater.' The total solid» are normally expressed as mg/n[milli- 
grams per liter). To determine the amount of total solids, it is necessary to evaporate 
a known volume of well mixed wastewater to dryness at a constant tempcViture of 
103° - 105° d. in a previously weighed dish, then re-weigh the 4ish conUining the dry 
residue and calculate the gain in weight. The gain in weight may be easily converted 
to mg/ 1 » ^ ^ 

Not all of the total solids are removed from ^J^astewater by treatmetJt received in 
the wastewater treatment plant, as a large part of the soluable «oli<fs, which comprise 
the largest part of total solids, pass through the treatment devices unchanged. 

One of the reasons for making the total solids tist is to gain part of the information^ 
needed to calculate the dij^olved solids content of wastewater. 

Suspended Solids * ^ ^ 

The suspended solids in wastewater are the solids which can be, filtered put of a 
known volume of sample in a previously weighed Gooch crucible with an asbestos filter 
pad, or other suitable filtering device. The sample should be well mixed prior to n 
measuring out the correct volume for test purposes* ahe weight gain of the Gooch 
crucible indicates the amount of suspended solids present. It should be noted that ' 
suspended solids includes the solids that would settle out of the wastewater when the 
carrying stream loses its velocity, plus matter that is too light to settle but which is 
trapped by the filter pad. This test is useful in evaluating the efficiency of plant units. 
The overall removal iri complete treatment is usually ^more than 90%. 

Dissolved Solids ' , * ' 

t ^ * ' 

The amount of dissolved solids may be computed by subtracting tfie amount of sus- 

pi;nded solids from the amount of total solids. This information is not normally r^e- 

quired; ftowever, it may be used to determine the character of rdw w-astewater or to 

show a hig^h rate of industrial pollution. €ee figure 1 for class'ification of solids in a - 

typical sanitary sewage system. 

SettleAble Solids * , . 

0 • 

A test has b^en devised*to measure accurately the amount of solids which will 
settle out» Th^ tests may be made by using an Imhoff cone which is a piece of lab- 
oratory equipment named in honor of Dr Karl Imhoff, the' inventor of the Imhoff tank. 
This cone must be filled with well mixed wastewater to the one^l^r mark. The cone 
and its contents are allowed to stand for two hours after which the aipount of settle - 
able solids may be read directly \n milliliters. The' settljeable solid^ ma^ be expressed 
either as a quantity by weight or by volume-*-most frequently on a voiunie basis. By 
testing both the influent and effleunt of a sedimentation tank, the percentage of solids 
removal and effrcicncy of tank may be found* ' 
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ORGANIC MATERIAt * 




(300 MG/1 ) 

V - . ? 

\ S&TTLEABLE 
\ / (30 MG/1 ) 



^I NORGANIC MATERIAt 
(40 MG/1.) 



r 



^N ON-SETTLEABLE 
(10 MG/1.) 



Figure^l. Total Solids Contained in a Typical'Sanitary Sewajge 
System. (Engineering Extension Service, Texas 
/ A&M University, Sewage Works Operation Training 
. Manual, Unit 1. ) ^ 
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-Volatile Solids 

It IS desirable to determine how much of the total solids are made up or organic 
or "volatile" nnatter and how much is mineral or *'fixed" matter. This may be accom- 
>lishod by carefuUy igniting or burning the residue from the total solids test and noting 
the loss in weight which is called volatile nnatter. This test measures the amount of 
solids that vaporize at 600°C, Most organic cbmpounds vaporize below 600°C, while 
most inorganic compounds must be heated in excess of 600^0 before they will vola^ize. 
In practice, the volatile matter is sometimes expressed in percentage by weight of the 
total amountof solids, either total solids or suspended solids. The reason why the 
amount of organic matter should be known is that the sewage treatment concerns or- 
ganic matter while "mineral matter is of secondary importance. 

k * 

BIOCHEMICAL OXYGEN DEMAND (B. O. D. ) * ' 

The most important test that is normally performed on wast^swater, and the one 
giving the most information on the strength of the sewage, is the B.O. D. text. As the 
name implies, it is tbe quantity of oxygen requir^ed for the biochemical oxidation in a 
given period of time, and at a given temperatMre, normally for 5 days with the tem- 
perature of 20°C. The B. O. D. test utilizes oxygen 'from the airwhich has been dis- 
solved in water. This condition simulates the conditions encountered in sewage pun* 
fication, which is why the test is so valuable. 

' • ... 

In making the test, a known volume of wastewater is mixed with a measured 
amount of water containing a predetermined amount of oxygen. The mixture is placed 
in a glass-stoppered bottle and kept at the proper temperature for the specified num» * 
ber of days. Under these conditions, the sewage bacteria which arc normally present 
will cause the organic naatter to become oxidized. Oxygen will be used up in direct 
proportion to the amount of organic matter which is present. The decomposition 
products formed are mostly carbon dioxide (CO2) and water, (H2O). At the end of the 
specified period, the amount of oxygen remaining in the mixture is determined, and 
from the difference between the ori'^ginal'and the final oxygen content, the B. O. D. 
can be calculated. The B.O. D. test is considered Jo be a direct measurement of the. 
strength of the sewage. A B. O. D. of 95 ppm or less indicates weak sewage while a 
Ox B. O. D. of 400 ppm or above indicates strong sewage. 

^ RELATIVE STABIUTY 

The organic matter in wastewater nnay be stable or unstajsle. The stable com- 
pounds are fairly resistant to bacterial breakdown, while the unstable compounds are 
riot. It should be noted that one of the objectives of sewage treatment is to stabilize 
the organic matter by oxidation, that is to "burn it up" chemically. 

Sewage will putrefy or.beconie septic due to bacterial action and a lack of oxygen. 
The susceptibility of sewage to putrefy is known as putrecibility, and the^test to indi- 
cate this characteristic is kn.own as the "^relative stability" test. The test consists in 
the additjlon of a specified amount of a blue dye known as Methylene Blue to a sample 
of sewage and noting the number of days required for the blue color, to fade out and 
disappear. The test is based on the fact that when the oxygen in wastewater has been 
completely depleted, hydrogen sulfide is formed by the action of anerobic bacteria. 
In the presentee of oxygen the dye retains its color. 'When the hydrogen sXdiide is 
formed, the dye is broken down chemically and the blue color disappears. ' 
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The length of time required for the decolorization of the sample is a measure of 
the relative stability of the wastewater sample. The pe%entage of relative stability 
must be taken frobi charts, When the color disappears in one day. the relative stabil- 
) ity IS Zl%: ii onlyNtwo days are required. 37%r if three days. 50%.- four days. 60%;and 
five days. 687o, The relative stability test is used extensively as a guide to the char- 
acter of treated or partially treated wastewater. 



3, 
4. 



SUMMARY 

^ The purpose for performing the analysis of wastewater samples is to determine the 
operating efficiency of the waste disposal plant. Tests are performed on plant influent. 
■ the various stages of treatment^and on' the plant effluent. The tests commonly per- 
formed include total solids, suspended solids, settleible solids, volatile sojids, 
B, O, D, . and relative stabUity, The pH and temperature may also be determined. It 
has been stated that the B, O, D, {biQ|ogical oxygen demand) is the most important test 
performed on wastewater. 

QUESTIONS \ - \^ ^ 

1. What IS the purpose of wastewater treatment? 

2. What are the distinguishing characteristics of wastewater? 

* " y " 

Which terms are used to describe the strength of wastewater? 

♦■ 

What are the two principal types of solids contained m total solids? 

5. How are the total solids deterxnined on a saipple of wastewater? 

6. Which of the wastewater tests required the use of an Imhoff cone? 

7. How can you determine the^amount of organic matter in a wastewater sample? 

8. Which is the best test (or indicating the overall efficiency of the waste dis- 
posal plant? 

9. Where would you collect a sample of wastewater for performing the^relative 
stability test? 

10. What determines ho^ soon the blue color disappears in the relative stability 

test? ^ ^ ' ^ ^ 

'references ' • ' , 

1. Manual for Sewage Plant Operators, Prepared by Texad Water and Sewage ' 
Works Assoc. ♦ « 

2. Principles of Sewage Treatment. Published by The National Lime Association, 
Washington, D, C. ^ 

3. S*wage Treatment, Unit II, Published by Engineering Extension Service, 
Texas A & M University, ^ ' 
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INTRODUCTION TO BASIC CHEMISTRY 



OBJECTIVE 



The purpose of this exercise is to aid you in developming a better understanding of 
chemical symbolB, formulas, and equations. 

XDENTIJTDIG QHEMICAL FORMULAS OF IONS 

Enter the chemical symbol beside each pf the following elements. (Reference 
should be made to table 1. ) 



1. Hydrogen 

2. Oxygen 

3. Sodium 

4. Ma^esium 

5. Calcium 

6. Chlorine 



7. Carbon 

8. Iron 

9. Potassium 

10. . Barium 

11. Aluminum 

12. Fluorin6 



IDENTIFYING CHEMICAL FORMtJLAS OF IONS 

s 

Write the chemical formula for each of the following ions. .Show the positive or 
negative charges. , (Reference should be made to table 1. ) 



1. . Ammonium 

2. Hydroxal 

3. Ca]jcium 

4. Magnesium 

5. Carbonate 

6. ' Bicarbonate 



7. Sodium ^ ^ 

'8. Sulfate 

9. Sulfite 

10. Iron (Ferric) 

11. Chloride 

12. Manganese 



2U1 



13. Iron* (Ferrous) 
14 Fluoride 

15. Hydrogen 

16. Phosphate 



17. Aluminum 

is. Nitrate 

19* Potassium 

20. Copper 



IDENTIFYING IONS 

Write the natne of the following ions. (Reference should be made to table 1. ) 



1. Ca++ 

2. CI- 

3. CO3- 

4. Mg-H- 

5. SO4" 

6. Fe++ 



7. A1+++ 

8. PO4— 

9. H+ 

10. OH- 

11. N^+ 

12. K+ 



IDENTIFYING CHEMICAL FORMULAS OF 

1. Sodium bicarbonate \ 

2. Sodium carbonate ]_ 

3. ' .Sodium chloride ' " 

4. Calcium bicarbonate 

5. Calcium carbonate ' 

6. Calcium chloride , - 

7. Calcium phosphate ^ 

8. Magnesium carbonate - 

9. Magnesium hydroxide . 

> 

10. Hydrogen sulfate ) 

11. Hydrogen chloride ^ 

12. Hydrogen phosphate 



COMPOUNDS 

13. Hydrogen carbonate 



14. Disodium hydrogen PO4. . 



15. . Potassiupi hydroxide 
"^le. Potassium sulfite 

17. "Potassium chloride 

18. Aluminum stxifate 



19. Aluminum hydroxide 

20. Aluiq^num phosphate 

21 . ' Carbon oxide 

22. Calcium oxide 

23. Ferrous oxide 



,.24. Ferric oxide 



2m 
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^5 
26 


Silicon dioxide 


33. 


Silicon fluoride ' 


Tlinr Parbonflte 


34. 


Amrtionium hydroxide 


27 

At* 


MaoTiesium bromite 


35. 


Silver nitrate 


28. 


Barium carbonate 


36. 


Barium carbonate . 


29 


J?iilfiirip alrd 


37. 


Ferric chloride 


30 


Hvdrochloric acid 

XX jr w VlXXwX X V C»VXVI„ 


* 3a. 


Ferric sulfate 


* 31 


Parbonic acid 


. ^^'^ 

39. 


Ferric hydroxide 




/ ^ 

Hydrogen fluoride 


40. 


Ferrous hydroxide ^ 











SOILVING FOR CHEMICAL REACTION 

1. Write the balanced equation opposite each of the following ciouble displacement • 
equations. In this type of reaction^ think of the positive ions changing places in the 
two original compound. This .will result in two new. compounds. 

« a. Silver nitrate + potaSsium^ chloride ' 'i *- ' 
AgNOg + KCl ^ ' ' + . ' 



# b. Copper sulfate +, barium chloride 
, CUSO4 + ^aCl — ' — r 



c; Amfnonium chloride + sodium, hydroxide 

NH4CI + NaOH ^ — j / 

d. Ammonium sulfate + calcium' hydroxide 

• i[NH4)2S04 + Ca(0H)2 ^ ^ 



e. Potassium hydroxide + hydrochloric acid 
K©H + HCl — - • 



f. Calcium hydroxide + sulfuric aoid 
Ca(0H)2 + H2SO4 ^ 



2. Finish balancing the following equations. In this type of reaction, the ions switch 
to form new compounds. 

a. Silver nitrate + po'tassium chloride ^ ^' ' 





AgN03 + Ka = + 






b. 


j 

Copper sulfate + barium chloride 

CuS04 + BaCl5 = " . + 






c. 


Ammonium chloride + sodium chloride 

+ ^ 


4 

+ 




d. 


Ammonium sxilfate + calcium hydroxide 

+ = ■ ' 


+ 




e. 


Potassium hydroxide + hydrohloric acid 


+ 




f. 


Calcium hydroxide + sulfuric acid ' " 

I ■ ■ ■ =, 






g. 


Sodium sulfate + zinc nitrate / 


+ 




h. 
*% 


Aluminum sulfate + calcium hydroxide 
* * 

+ = 


+ 


'J 


i. 

• 


Barium Jiydr oxide + sxilfuric acid 




r 








I 

f 


J. ' 


Copper, stilfate •+ sodium chloride* 
\ 

+ ^ ^ J. 


+ 




k. 

-* 


s ' - ^ — t 

Aluminum hydroxide + phosphoric acid 


« 

+ ■ 


f 


1. 


^ ' ' T— 

Magnesium: carbonate Calcium hydroxide 
+ = 


+ 





Finish' balancing the following single displacement reactions. Refer to table 2 to 
see if a reaqtion takes place. If no reaction takes place,, write the letters N. R. 
Equation one is completed in fulL Note that a metal in its element form is neutral 
in* valence. > 



Metallic zinc in a solution of lead nitrate 

^_Zn__^+ ^Pb(N03)2 = _Zn(N03)2_^_ + Pb 



Lead in a solution of zidc nitrate 



Iron in a solution of "topper suifate 
+ 



Copper in a solution of silver nitrate 
+ 



Magnesium in a solution of copper sxilf^te 



4 



, 5 



CATIQNS (Positive lona) 


\ ANIONS (Negative Ions) 


• 

SUBSTANCE 


FORMULA 
VALENCE 


SUBSTANCE 


FORMULA^ 
J VALENCE 


« 

Sodium 


Na+^ 


•Bromide ( 


Br- 


% potassium 


K+ 


Chloride 


Cl- 


Hydrogen 




Fluoride ^ 


F-, ' 


Amm'dnium 


NH4+ 


Hydroxal ' 


06- ' 


Silver 


^ Ag+ 


^ Nitrate - 


NO3- . . 


Barium 


Ba-H- 


Bicarbonate / 


HCOg-. 


Calcium * 


Ca++ 


Carbonate 


C03-- 


Magnesium 


Mg++ 


Oxygen 


0~ 


Copper 


Cu++ 


Sulfate 


S04-i •■> 


Zinc 


Zn++ 


Sulfite 


SO3-- . , 


Manganese 


Mn++ 


Sulfide 




Iron (ferrous) 


Fe++ 


Phosphate 


P04— 


Iron (ferric) 


Fe+++ 






^Aluminum ' ^ 


Al+t+ 






Carbon 


■ C++++ 


♦ 




• Silicon 


Si++++ 







Table 1, Chemical Data 



POSITIVE CHART " 



< 



Lithium (Li) 




Iron (Fe) , 


Pptassium , (k) 




• Tin (Sn) 


Calcium (Ca) 




Lead (Pb) 


Sodium (Na) 




Hydrogen (H) 


Magnesium (Mg) 




Copper (Cu) 


Aluminum (Al) 




Mercury. (Hg) 


Manganese (Mn) 




Silver (Ag) 


Zinc (Zn) 




Katinum (Pt) 


JIThromium CCr) 




Gold (Au) 



RULES 

r - 

1. With reference to the above chart, any element which appears above 
* another ^^ement will replace the lower element from its compound. 

2/ With reference to the above E.M, F. Series, any element which appears 
below another element will not replace the high element from its com- 
' pound. 



Table 2* Electra Motive Force (EMF) Series Chart 
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TESTING FOR ACIDS, BASES, AND SALTS . 

OBJECTIVE 

The purpose of this exercise is to assist you in gainiiig a better 
understanding of bases,' radicals, acids, and salts. 

DETERMINING REACTION OF ACIDS, BASES,' AND SALTS 

1. * In the blank space beside each of the following bases, write their 
chemical formulas. 

"a. Sodium hydroxide . ' 



b. Calcium hydroxide 



c. Aluminum hydroxide , 

d. Magnesium hydroxide 



2. - In the blank space beside each of the following salts, write their- 
chemical formulas . 

a. Calcium chloride \ 

/ 

b. Calcium bicarbonate 



c. "* Sodium bicarbonate 

d. Calcium sulfate 



e. Magnesium sulfate 

3. In the blank space beside each of the following acids, write their 
chemical fortiauias'. 

a. Hydrochloric acid ^ .. 

b. Sulfuric acid • . 



c. Phosphoric acid 

d. Carbonic ^cid 



Perform the following experiment to observe 'the corrosive effect of 
' acid on metals.' ^ 

a. • Measure 50 ml of 1:1 hydrocliloric acid (HCl) .solution in a 

graduated cylinder and pour into 250- ml beakefr. • 

/ 

CAUTION: Extreme care should be exercised while performing 
this experiment because HCl may cause very serious bums to 
the skin and damage the clothing. 

b. Carefully place the metal samples, provided by the instructor, 
into the acid solution. 

c. . Observe the release of hydrogen gas from some of the samples 

(Zn + Fe). 

d. ,Set aside for 30 minutes, then pour off the acid and wash the 
samples in water. Obse^e the degree of corrosion.' 

e. Record results: 

METAL RESULTS 

(1) J J_ 

(2) . . 

(3) - • 

(4) ' 

f. Rinse and clean test equipment. 

Observe the formation of salt as a result of mixing an a^d and base. 

a- Pour 50 ml of sodium hydroxide solution (NaOH) into a 50-ml 
beaker. ^ 

b. Slowly, pour 50 ml of hydrochloric acid (HCl) into the sodium 
hydroxide g'olution to form a salt soljition. 

' • NaOH + HCl NaCl + HgO 

9 



CAUTION:- If the mixing rate is fast, there is a possibiUty » 
of breaking the beaker from the heat generated in the chemical 
reaction. 

Boil the solution in a beaker until the water evaporates, leaving 
sodium chloride crystals on the bo.ttom of the beaker. 

Allow the beaker to cool .and then rinse the equipment in 
distilled water. 



J 
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Sheppard AFB, Texas 



DEFINITION OF CHEMICAL TERMS 



WB 3ABR56330-n-l-P3 
August 1975 



OBJECTIVE: 



Lrnhn'Sf'^H^ T ^''f.'^^ ^ '° ^ ^ definitions of elements, 

symools, radicals, and formulas. 

INSTOUCTTONS: Place .the letter identifying the correct term in the blank space 
preceding the deflniUons in Column I. ^ 



COLUMN I 



1. ( ) Anything that has weight, or mass, and- 

occupies space. 

2. ( ) Radicals. 

3. ) Science pertaining to reactions of elements 

and compounds. 



4. ( ) Formulas. 

5. ( ) Compounds composed of carbon and ' 

hydrogen. 

6. ( ) Symbol. 

7. ( ) Any identifijjjle kind of matter. 

8-. ) Ratio of the weight of iny solution to the 
. weight of the same volume of water, 

9. ( ) Smallest particle of An element, 

10. ( ) A solution containing all the solute it will 
^ dissolve at that particular temperature. 

!!• ( ) Any compound which releases ions 
when dissolved in water. 

12. ( ) A substance composed of only one kind of 

a<om. 

13. i ) A solution containing a large amount of 

solute per unit volume. 

14. ( ) A substance which has been dissolved. 

15. (!) A substance wlfich will dissolve another ^ 

substance. V 

' DESIGNED-FOR ATC COtRSE USE 
, ^ DO NOT USE ON THE JOB 

/ 



COLUMN n 

a. Solute 

b. CO3, SO4, PO4 

c. Solvent 

d. Chemistry 

e. Ca, Mg, Na, H & 0 
f- Matter 

g. CuClg, MgSO^, NaHCOg 

h. Organic matter 

i. Acid 
j. Substances 
k.' Specific gravity 
1. Concentrated solution 

m. Saturated solution 
n. Elempnt 
o. Atom 
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A uniform mixture of two or m6re 
substances in liquid form. 

An element which is claM«d as a 
nonmetal. ^ 

May be identified by its peculiar luster. 

The process by which molecules break 
up to form ions. 

A single letter used to represent the 
name of an element. 

A number which shows the comparative 
weight of one atom. 

A number which shows the number of 
protons contained in one atom. 

✓ 

The relative combining capacity of an 
element. 

The weight of an element which will 
react chemically with another element. 

A substance composed of two or more 
elements which are combined 
chemically (no charge). 

Any compound which releases OH ions 
when dissolved in water. 

An ion composed of two or more 
elements conobined chemically. 

Small pair tide with a (+) charge. 

Small particle with a (-) charge. 

Atom or radical with an electrical 
clmrj;e. 

Ion with a (+) charge. 
Weight of one molecule of a compound. 
Smallest part of a compound. 
Abbreviation for the name di a compound. 
An fon with a (-) charge. 



p.* Anion 

q. Symbol 

r. Atomic number 

8. Atomic weight 

t. Valence 

u. Equivalent weij^t 

V. Sufiur 

w. Metal 

X. Ionization 

y. Proton 

z. Molecular weight 
aa. Molecule 
bb. Formula 
cc. Compound 
dd. Radical 
ee. Electron 
ff. Ion 
gg. Cation 
hh. Mi«sa ^ 
li. ''Solution- 

/ 
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Sheppard AFB, Texas •> June 1975 

. AIR FORCE WATER REQUIREMENTS. 
OBJECTIVE . ' * " 

The purpose of this workbook is to help you develop a better under- 

* . •» ♦ 

standing of water requir amenta. in v the Air jrorce. 
PROCEDURES 

1. Using the list of terras below, indicate whether the water is consi- 

'J ^ ■ 

de'red domestic water or industriaJ. water: ^ 

a. Drinking water , ^ 

b. Laundry purposes ' * ' * ^ 

c» Cooling tower water > . 

d. Bathing purposes ^ ____ 

e, . Mixing medicine^ ' 

f • Jet engine demirieraliz^ water ^ 

g. Swimming pools ^ ^ . • 

ht Boiler water 

i. Fire fighting ^ * 

j. Tree and grass watering, . 

7" 

2. Define these teras:'; 

a. Effective p]!)pulation 



b. Authorized population 



DESIGNED FOR ATC COURSES USE 
DO NOT USE ON THE JOB 
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3. List, six methods of recognixing wat^r wasto. 



a. 'f 



ERIC 
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. -COMMON IMPURITIES IN WATER SUPPLIES 
' OBJECTIVE 

^ » 

The purpose of this exercise is to aid you in developing a better 
understanding of the common impurities found in water, their causes, 
and their effects. ' 

V ■ . . 

DETERMINING RELATIONSHIP OF' WATER IMPURITIES 

In the chart below,, indicate whether the impurities listed are 
normally found in low or high amounts by comparison of ground and sur- 
. face water. 





TDS. 


Suspended 
SoUds 


Dissolved 
Gases 


Biological 
Organisms 


Turbidity 


Ca 


Fe 


Ground 
















Surface 

















CLASSIFICATION OF WATER IMl^URlflES . ^ 

1 

. Under the general classification of impurities listed below, list some 
of the causes of such impurities. 

1. TuirWdiJty 2. Color a. Alkalinity 

' a. " a. a. 



b. b. b. 



c. c. c. 



ERIC 
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4. Hardness 5. Dissolved gases 

a. a. . 



h. _^ b. 

c. - c. 



CALCULATING pH . 

Using the pH scale listed below) .complete the following questions. 

.1 2 3 4 5 6 7 8 9 , 10 11 . 1^ 13 14 

c 



1. Which range above indicates alkalinity? 

2, Which range above indicates acidity? 



3. A neutral pH would be one having a pH value of 



4. Would the addition of sulfuric acid increase or decrease the pH value? 



5. Encircle the pH value that would be the most corrosive. 

6.7 8.2 6.4 8.8 9.1 
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COMMON IMPUhlTIES FOUND IN WAT ER ' ' ' 

t • ^ — 





1 .CONSTITUENT 


CHEMICAL FORMULA 


DIFPICULTIEJ? rATTSEn' 


1 k - 


• 

* 


Turbidity 

* 


Mono - ax^rottod^in an«lyaia ai 


lAparta unaightly appaaranca to 
«atar» Oapoaita in watar linaa 
procaaa aquipmant, boilara^atc 
Intarfaraa with iRoat procaaa 
uiaa* 


Coagulation, aattlinf and 

filtration. 




Color , ' 


Mono - ax^rassad in analyala aa 
*unita" of color on arbitrary 
acala* 


Hay cauaa' foaAir\^9 fn boljara* 
Hin'dara pracipitatioo^Mathoda 
auch aa iron raiRoval, hot • 
pheaphata aoftaning* Can 
atain product in prctcaaa uaa* 


^ i-—. ; — 

. Coagulation and filtration* 

Chi or in at ion* Adaorption by 
*a{t^vatad carbon* 

— ^ Mi- 






Calcium and fiagnasiuii^aal ts 
axpraaaad 'as CaCO^, 

a 


Chiaf aourca of acala in haat 

pipa linaa, ate* Forma durda 
with aoap, intarfaraa' wi th 
<ly«ln0, ate* 


Softaning. Oiat il lation. 
tntarnal boilar wa^ar'^TTaat- « 
want. Surfaca activa agant^a. 


• 




Iicarbonata (HCO^) * carbonata 
(CO^J, and hydratt (OH), 


FoaAini and carryovar of aolida 
with ataa«« Enbrittiam^t of. 
boilar ataal* licarbonata and 
carbonata' produca COj in atAm» 
a aourca of corroaien* 


Lima and lima-aoda aoftani/ig. 
Acii traatmant* Hydrogan 
laellta aoManing* OaAinaral^ 
ization. Oaal leal i lat ion by' 
anion axc^anga* Oi atil lation* 




FrOA Minora)^ Ac'id'^ 


H2^0^* HO, ate, axpraaaad aa 

CaCO^* 

— ^ ^ ' 


Cor/oaion* 

1 


Nautral iiation with alkaliaa. 


. 1 


Carbon Oioxido 


COj. 


Corroaton tn watar linaa and 
particularly ataam and \ ' 
condanaata >1 inaa* 


Aaratlon* Oaaaration* 
Nautral iiation with alkal.laa* 
Filming and nautral iiing 
aminaa* 
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CONSTITlJENT 


CHEitoCAL FORMULA 


, DIFFICULTIES CAUSED 


ME^S OF TREATMENT 


» V 


Ny4r«|tfi conc«fitr«tiM 
^•iinM M th« 1o|«ritlin tf 
tk«\r«ciff«c«1 •# xh9 
fcy4r«i«R iM cofic«fitr«tl«fi. 


pH variti' tcc«r4iii| tt acinic 

Matt aatyral vatars hava a j^H 
af 1.0 ta LO. 


PH can la lacraaaa^ ly 
alfcal laa aa4 ^acraaaatf 
ly aal^a. 


•)■• 

h 

— A ^ I' 




k4U ta aall^a caatant af vatar 
kut in itaalf la aat aayally 
• iialficaat • Caaliaaa vitli 

•caia* 


Oaalaaral liatlaa. OlatllUtlaa. 


/ V 

i ' 


CI- . ^ 


iacraaaaa carraslva ciiarac'tar 
af «atar. 


Oaalaaralliatlaa. OlatlUatlaa 


NitraW 




A^^s ta aalNs eantaat,< hut la 
' aat ysyally alinificant ln^ya- 
trially. Hlfh eaacantratiaas 
eayaa «atha«a|lakiaa«la la 
Infaats. Uaafyl far caatral af 
>al1ar natal a«>Htt1aMat> 


Oaalnaral liatlan. OlatlUatlaa. 

• 






Cayaa af aattla^ anajial la 
ta#tk# u%94 far caatral 
af ^aatal «acay. ^at yayally 
algalflaaat la^yatrlally. ^ 


A|aar#tlaa with aafnaalua 
kyifxlU, calclya ^kaa^hata. 
ar ijfaa lUek. Alyn 
caa|yUt^aa. 


lillc* m 

1 ^ 




Scala fa kallara antf caalU 
vatar ayataaa. taaalykia 

allica va>ariiat^aA. 


X. 


highly laalc anion axchanga ^ 
raalaa* 'la canjynction with' 
^oiilnoral liation. Olatillation 


iron 


F« - - - (f«rHe) 


Olacalara watar on fraci^h 
tlaa. $oyrca af ^afaaltail 
•atar llnaa* kollara. atdT 
latarfaraa with tfyaiag. 
AlAi» M^ar iifr.» ate. 


a-t 

"i 


Aoratloa. Coa|y1atjan an4 
filtration. Lina aaftanlng. 
Cation^ ajKchanga. Cantact 
filtration* Syrfaca activa 
aaantA far Iran rAtAnt lAt^ 






Sana aa Iron. 


Sana aa iron. 




m 
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;AusED 

y W kiJ *^ 


MEANS OF TR|5'ATMPNT 


on 


•Ktractikls nattor* 


8cal«, •)Mdf« and fei 
keiUr«. lMMd«« h«at 
Uod««irabU in «Oit^ 


iini in 
oxchongo* 

rOCOOOOO* 


•offlo ooporotoro. Strolnoro 
Coo|uKatlon ond filtrotion* 


Oxy§«n 


z 

f 

1- , 


Cftrroaloa of Mrfttar ll^ 
•xchanfo o^MipMnt, -¥ 
rotMrn linto, otc* 


100, jiiot 

^rroTif ^ 


Oooorotion, oodiuM oulflto. 
Corrooion/inhibltero* / 

/ 






CoMM of *r^tton ogf" odor* 
Corrooion* 


Aorotion*' Chl^oftnot ion* • 


A«onnia 


MH. 


Corrooion of co^^or and line 
ftlloyo by for«otion of con^lox, 
oolublo ion* 


Cot ion oxchonio with hydrofon 
lool ito/ Chlorinotion. 
Oooorotion* / 


Conductivity 


•^•cl.flc eenductanct. 


Conductivity io tho rooult of. 
ioniioblo oolido in oolution* 
Hifh coAdvotivity ooA incroooo 
tlio corrofivo ohoroctoriotico . 


Any procooo which docrooooo 
diooolvod ooljdo eontoAt will 
docroM* 'conductivity* 
Cxo«p1oo oro doniAorol iiotionv 
1 l»o oof toning* 


DiM«W«i 8ft ld« 

< 




Of totol oMunt of diooolyod 
Aotfoff dotorrfnod by ovopor- 
otion. Hlfh concontrotiono of 
diooolvod oolidt oro object ion<- 
oblo bocouoo of procooo 

foOAini In bofloro. 


Vofjouo ooftoiiinf procooo. 
ouch 00 lino ooftonlni ond 
cotion oxclionio by hydro|on 
loolito^ will roduco diooolvod* 
ool ido* Ooninorol i lot ion* 
OlotllUtion* 


8uM«nd«d ttlidt 




"tuoMAdod oolido* Io tho 

dotomlnod frovinotr icolly* 
tuoMndod oo) ido fluf linoot 
couoo dOM^Ito in hoot 
OKchonfO oquiMdnt, boi1oro» 
otc* 


Suboidon«o* Filtrotlont , 
uouotly p/ocddod by coofuUtion 
ond oottlini* 



2.01 



222 



CONSTITUENT 


CHEMICAL FORMULA 


DIFFICULTIES CAUSED 


B^EANS OF TREATMENT 




Nont 


"TtUi toINt" it tM tya •/ 


Stt 'Diaatlvt^ toli^a^ »k4 


P 




*« 




*> 










• 


4 


• 

• 






\ 





223 • - ■ 



Dept of C^vil Engineering Tng , WB 3ABR5-6330-II-4-P1 

Shappard AFB, Texas " ^ June 1975 

« 

LABORATORY SAFETY 

OpjEOTI\'E ' 

The pujrpose of this workbook is to aid you gain a better under- 
standing of laboratory safety* 
PROCEDURE " 1/ 

Complete the following statements by filling in the blauak spaces 

11 

with the proper Vord(s). Reference: se'SXO Carcj^r Ladder Laboratory 
Manual, page IV-Laboratory Safety Rul^s. ' 

!• will always be worn vMlp workj^ng in the laboratory. 

2, Remove' before handlin^r^^wifcals, 

i 

3, Keep work area at all times.. 

4, Do not use or ______ glassware. 

1 

3. Do not use chemicals or reagents which are not properly _ 



6* If chemicals are spilled on jrou, immediately with water. 

7. Smell chemicals , . 

\ 

8. Do not chemicals. 

9'. Always add chemicals to j never add to chemicals. 

10. ' Never mix chemicals at . ^ - 

11. Do not heat containers. , 

12. • Do not . engage in ] . 



DESIGNED FOR ATC COURSE USE. 
DO NOT USE ON THE JOB 



h. Ubel sample giving tiie following infon^^^ 
(1) Name of collector 
' (2) Date of collection 
(5) Duty phone 

(4 ) Sampling' point 

(5) Type of analysis needed 

Collect and label a wastewater sample which could be used to test 

♦ 

for solids. 

a. Obtain a clean widemouth container from lab. 

b. Go to sampling, point designated by the instructor. 

c. .Using sampling equipment provided, collect, a representative 
wastewater sample, 

d. Label sample giving the following i^ifonnation: 
fl) Name of collector 

(2) Date of collection 

y 

(3) Duty phone 

• (4) ' Sampling point 

(5) Type of analysis needed . 
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DETERMINING TYPES OF HARDNESS 

OBJECTIVE , ' 

The purpose of this workbook is to aid you in understanding the types 
of hardness in water. 

'PROCEDURES 

> • 

Use the rules and charts to solve the following problems when you 
need them. Fill in the blanks provided after you haVe determined whether 
the water contains temporary or permanent hardness, or both kinds. 
When both kinds of hardness are present, determine the amount of each 
kind. Assume we are working with raw lake water. 

RULE NUMBER ONE 

When "H" (total hardness) is greater than '"'M^' (total alkalinity), both 
temporary and permanent hardness is prpsent. The amount of temporary 
hardness will be the same as "M" and the amount of permanent hardness 
will be equal to the difference iii "H" and "M". ' 

RULE NUMBER TWO 

When "M" alkalinity equals or exceeds the "H," all "H" is temporary 
and there is no permanent hardnesfs. 

CHART 

Ca-H = Calcium Hardness 
Mg-H = Magnesium Hardness 
H = Total Hardness 
P = Phenolphthalein Alkalinity 
M = Total Alkalinity 
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PROBLEMS 

1. When "H" is 125 and "M" Is 125 

2. When ' W is 124 and "H" is 100 1: 

3. When "H" is 150 and '"M" is 125 

4. When Ca - "H" is 60, ♦♦H" is 90, and '♦M" is 90 

5. . When is 120, Ca - "H" is 80, and is 120 

6. When Ca - "H" is 40, '♦H" is 140, and."M" is 120 ' ' 

7. When 'T" is 30, "M" is 150, Ca - H is 50, and "H" is 150 

8. " When Ca - "H" is 60, "H" is 150, 'T" is 40 and "M" is 175 

9. When 'T" is 20, "M" is 40, Ca - "H" is 30 and "H" itf 60 

10. When'Ca "H" is 30, Mg - "H" is 20, 'T" is 40 and "M" is 60 

11. When 'T" is 30, "M" 90, Ca - "H" is 40, and Mg - "H" is 50; , 

12. When Ca - "H" is 40, Mg - is 20, 'T" is 40 and "M" is 60 
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COMPOUNDS CAUSING HARDNESS AND ALKALINITy . 



List the following compounds in the correct column in the table below. 
NaOH, KOH, CaCO* CaS04, Na2C03,' Ca(HC03)2 CaClo, MgCOo, NaHCOs, 
MgS04, MgClg, m|(HC03)2 



Compounds Causing 
Hardness Alone 


Compounds Causing Both 
Hardness and A]&alinity 


Compounds Causing 
«i Alkalinity Alone, 


> * 












t 


c « 




r 


1 






I- - 
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PROBLEMS ON ALKALINITY 
OBJECTIVE " ^ ' • ' • 

The purpose of this workbook is to aid you in working prpblems relating to "P*' 
and :*M'' alkalinity." 

PROCEDURE 

The following chart gives the relationship between "P" and "M" alkalinity. Using 
the cha:rt, solve problems 1 through IC/ and list your answers on the blank lines. You 
are to determine the amount of alkalinity (OH, CO3 and HCO3) and concentration 
present^* 



CONDITIONS OF HYDRATE CARBONATE BICARBONATE 

ALKALINITY OH CO3 HCO3 





P = 0 0 


0 


M 




P = M " M 


0 


0 




Pr= 1/2M 0 


M 


0 




P =IIir=:»*l/2M 2P.M 


2(M.P) ^ 


0 




P 0 


2P 


M.2P 


1. 


When the total alkalinity (M) is 40 ppm 








and "P" alkalinity is also 40 ppm 




9 


z. 


When the total alkalinity (M) is 60 ppm ' 








and "P" alkalinity is 30 ppm 




/ 


3. 


When the totol alkalinity (M) is; 25 ppm 








and ''P'' alkalinity (0) zero 






4. 


When the totol alkalinity (M) is 40 ppm 


r 






and ''P'* alkalinity is 10 ppm 







5. When the totol alkalinity (M) is 50 ppm 



and "P** alkalinity is 30 ppm 



20 



0 



6. When the' totaValkalinity (M) i« 35 ppm 
ind *"P" alkalinity i« (0) zero 



?• When the totW>4tlkalinlty (M) is 50 ppm. 



and "P" alkalinity i« 50 ppm 



8. When the toUl alkalinity (M) it 70 ppm, 
and *'P" alkalinity is 35 ppm^_ 



9. When the toUl alkalinity (M) is 60 ppm 
and ''P*' alkalinity is 40 ppm 



10. When the toUl Alkalinity (M) is 60 ppm 
^^d "P" alkalinity Is 20 ppm 
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PREFACE 



This manual has been written for use in the 5.63X0, Water aai^^^ 
Waste Processing Courses. Its purpose ^is to aid you in acquiring the 
basic knowledges and skills needed to perform the laboratory tests used 
in water and waste analyses. • ^ 

The tests and procedures used in this manual 'have been selected 
. from several sources and modified to.meet classrObm conditions. 

• • For specific instructions on field testing, you should refer to 
Analysis of .Water and Sewage, by Theroux, Eldridge, and Mullman; 
Standard Methods of Water Aialysis, American Public Health Associa- 
tion; manu&cturer's instructions; or other authorized laboratory 
manuals. 

You will not perform e-ve-rj test listed in this laboratory manual. 
You will dp only those test timt iall within the scope and proficiency 
level of the course you ars attending. 

y 
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GENERAL LABORATORY. PROCEDURES 
The following procedures are applicable to all laboratory tests: 

1. Observe'all safety rules applicable to the test (see Laborator|sr 
Safety Rules). 

2. Select chemicals and equipment needed for the test. 

3. Clean all equipment before using. NOTE: Do not use transfer 
pipettes for more than one reagent unless cleaned before each use. 

4. Collect sample as needed for test. 

e 

5. Perform the test. 

6. Compute results. 

7. Record results. NOT^.: Results are not correct unless recorded 
In proper units. 

8. Clean equipment and work area. 

9. Store equipment as directed. 



f 
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LABORATORY SAFE^TY RULES 



The following safety rules must be obseWed when working4n Qie 
laboratory or daring field testing: ] 

1. Wear and use necessary safety equument. NOTS: Aprons will 
always be worn while worWng in thAaboratory. 

2. Remove jWelry before handling chemicals. 

3 . NEVER mis <;hemicals at random. 

4. Smell chemicals slowly. 

5. Keep work area clean at all times. 

6. Do NOT use chemicals or reagents which are not properly identified. 

7., , If chemicals are sjdlled on you, wash immediately with water. 
NOTE: If hands feel slick or bum, wash them. 

3. Po NOT use chipped or cracied glassware. 

9. Do NOT heat cbsed containers. 

10. Do NOT engage in horseplay. 

11. Always add chemicals to water; NEVER, add water to chemicals. 

12. Do NOT taste chemicals. • 
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COLLECTING AND LABELING WATER 
AND WASTEWATER SAMPLE^ 

The foUowi!^ questions, and proee<!kires will assist you in learning the 
process of collecting and labeling water and wastewater samples. 

QUESTIONS 

U ' What is the purpose of sampling? , 

2. Why should samples be labeled? 

3. What are grab samples? 

^4. What is a composite sample? 

5. ^ What areas of a lake, streamy or spring should be avoided when 
collecting water samples? 

I 

6* List the steps required to collect a water sample from a lake. 
PROCEDURES 

^^^^ 

1. Collect water sample for pH analysis. Sample will be taken from an 
area designated by the instructor. • 

*" ' "■ 

a. Obtain a clear 300 Ml bottle from the lab. 

b. Go to sampling point designated by the instructor and throughly 
flush the sampling line. 

V 
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c. Binaf sample bottle thorougUy with inter tcr be tested. 

V 

d. Adjust samplisg line to fill container. 

e. . Using a slow, steadjr flow, fill sample bottle to orerflowlng;. 

f . Turn off tap and immediately cap sample bottle. 

g. Lable sample giving the following information: 

(1) Name of collector 

^ (2) Date of collection 

' (3) Siampling point 

(4) Scarce of water 

(5) Temperature of sample 

(6) Type of analysis needed 

h. Take sample to lab for testing and analysis. 

Collect and label a wastewater sample for settleable solids test. 

a. Obtaiin a clean wiSdemouth container (1000 Ml beaker) from lab. 

b. Go to sewage trainer and collect an effluent sample. 

c. Label sample, giving the following information. 

(1) Name of collector 

(2) Phone number 

,(3) Date of collection , 

(4) Place sazpple taken 

(5) Temperature of sample 

(6) Type of analysis needed 

d. Take sample to lab for tests and analysis. 
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ACIDITY TEST 



Purpose of Test: To determine the amount of free mineral acidity (FMA) 
and total acidity present in a sample. 

Method of Testing: Volumcftric titration using color indicators to deter- 
mine the end point* 

Principles of Test: 

1. Free mineral acids in a water solution will cause a pH of 4. 5 or 
below. 

2. In the absence of FMAs or after their removal, the weak acid 
will cause a pH above 4. 5 and below 8.3. 

3. Using an alkaline' reagent, the FMAs are neutralized; and 
methyl orange is used as the end point indicator. The weak 
acids are then neutzalized, using phenol^hthalein as the, end 
point indicator. 



i 



The basic reactions are: Na05 + H«SO. ► Na«SO. + H«0 

(FMA neutralization). ^ ^ ^42 



NaOH + H2CO3 ► NaHCQg + HgO (weak acid neutralizaUon) 

Equipment: 

1. Burette 

2t Graduated cylinder 

3. Erlenmeyer flask 

Reagents: 

1. 0.02N sodium hydroxide 

2. Me'thyl orange indicator 
3* Fhenolphthalein indicator 

4 . 0 * IN sodium thiosulfate 
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ProceOure: 

« 

A. Free mineral acidity 

1. Pour 50 ml. of the sample in an Erlenmeyer flask. 
' 2. Add one drop of sodium thiosulfate (Na2S202) to the sample. 

3. Add three drops of misthyl orange indicator. If the sample 
turns straw yellow there is no acid (FMA) in the saihple. If 
^the sample turns pink there is FMA. Continue the test. 

4. For comparison purposes^ measure 50 ml. of distilled water 
into another Erlenmeyer flask and add 3 drops of methyl orange. 
This is a straw yellow color. This straw yellow ia the endpoint 
of the coming titration. Keep this flask and water for compari- 
son. 

5. Fill a burette with .b2N NaOH. 

6. If the sample from step 4 is even sli^ly orange or pink, 

titrate with the 02N NaOH while stirring. Titrate over a sheet ) 
of white paper until en^int color of straw yellow is reached. 

7. Read the burette and multiply by 20 to give the ppm of FMA. 
^ Save this sample for the total acidity test which follows: 

FMA. = 20 X mL of NaOH titrate 

-8. Record your ppm below: 

Special Sample FMA = ppm . 

^ 9. Continue testing this sample below. Do not refill the burette or 
toss the sample away. 

B. Total Acidity 

1. Add 3 drops of phenolphthalein to the water sample- used above. 

^ NOTE: If a pink or orange appears, the total acidity and the 
FMA are the same. 

2 
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2. If no color chsuige s^;>peairs, titrate further with the NaOH to a 
pink or an orange color. 



3 . Read the burette and multiply by 20 . 
4.. Record the total acidity. * ^ 
Special Sample total acidify «_ 



ppm 



NOTE: to find carbonic acid content subtract FMA t^m total 
acidity. 
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* ALKAUNTTY 

Purpose of Test: To determine the amount of alkaline compounds in a 
sample, the acid neutralizing capacity, and the type of alkaline anions- 
present. 

Method of Testing: Volumetric titration using pH color indicators to 
determine end point. 

Principles of Test: 

1. The anions which normally cause alkalinity in water are hydrox- 
ides (0H-), carbonates (CO3-) and bicarbonatesj(HC03-^. ^ 

2. Dae* to the ionization constants of the COg compounds the follow- 
ing conditions exist: 

a. Where significant hydroxides (OH-) exist, all COg would be' 
in the carbonate (CO3-) form and no bicarbonates (HCO3-) 
would be pre..3nt. 

b. In the absence of hydroxides (0H-) and with a pH above 8.3, 
the CO 2 would be in the form of CO3. 

c. At a pH of 8.3 aU COg is HCO3. 

d. Between pH of 8. 3 and 4.8, the COg is in the form of HCO3 
and HgCOg . (Carbonic acid) 

e. At or below a pH 4. 8, all COg is in the form of carbonic 
acid(HgC03). ^ 

3.. The alkalinity due to (0H-) and 1/2 of the alkalinity due to car- 
bonates is neutralized with 0.0 2N sulfuric acid to a pH of 8.3. 
This amount of alkalinity is computed and reported as "P" 
alkalinity. 

4. The remaining 1/2 carbonate alkalinity and the total bicarbonate 
alkalinity is neutralized to a pH of 4.8, and the total amount of 
acid is used to compute the alkaUMty (total alkalinity).' 
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5.' The (0H-) (HCX)^-) aUcalMty i9 computed, using a chart Used 
on the abo^ stated conditions and their relationship to 'T" 
and "M" alkalinity. 



1. Measure 50 ml. of the sample into a graduated cylinder and 
pour it into an Erlenmeyer flask. 

2. Add 1 drop of 0. IN sodium thiosulfate to remove residual 
chlorine to pre Vent bleaching of the indicators. 

3. Add 3 drops of phenolphthalein indicator. 

a. If the sample turns pink 'T" alkalinity is present. Proceed 
to step 4. 

b. If the sample turns clear, no 'T" alkalinity is present. 
Record ml. acid for "P" - 0 and proceed to step 6. 

4. Titr 0.02N sulfuric acid until |^ color fades away, 

5. Record ml. acid for "P" = . 

6. Add 3 drops bromocresol green - methyl red indicator. 



Equipment: 



1. Burette 

2. Graduated cylinder 

3. Erlenmeyer flask or casserole 



Reagents: 




Procedure: 



S 
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a. If the sample turns pi^ or lig^t pink with a bluish tint^ 
"M" alkalinity is the same as "P" alkalli^. Record ml. 
acid for "M" = " Proceed to step 8. 

b. If the sample does not turn pink or pihk with a blue tint 
proceed to step 7. . ' ^ 

7. Continue the titration until the sample turns pink or light pink 
with a bluish tint. Record ml. acid for "M" = . 

8. Compute and record "P" and 'Tyi" alkalinity as follows*^ 

The ml. acid for "P" x 20 = PPM 'T" alkalinity 

as CaCOo 

The ml. acid for "M,""x 20 =^ PPM ••M" alkalinity 

as CaC03 

9 . Using 'yP" and "M" determined and relationship table below , 
compute and record (0H-) ,< (CO3 -) alkalinity of sample . 

CONDmONSOF HYDRATE, CARBONATE -BICARBONATE 



ALKALINITY 


(0H-) 


(CO3) 


(HCO3-) 


PaO 


0 . 


0 


. M 


P^M 


M 


0 


0 


' P « 1/2M 


0 


0 


* 0 


,P a is greater than 1/2M 


2P-Ihl 


2(M-P) 


0 



P = is less than 1/2M 0 2P M-2P 

a. (OH-) alkalinity = PPM as CaCOs 

b. (CO3-) alkalinity = PPM as CaCOg 

c. (HCO0-) alkalinity = PPMasCaCO, 



AMINES NEUTRALIZING 
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Purpose of Test: To determine if adequate amines are present in the ■ 
boiler water. ■ , 

Method of Testing: Adequacy of amine treatment is determined measure 
ing pH and not in terms of amines. ^ 

Principle of Test:^ When pH of condensate is 7.0, amine treatment is 
sufficient. 



For equipment and procedures refer to test for pH. 
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BIO-eHEM]^AL OXYGEN DEMAND 

Purpose of Test: To determine the oxygen required by the microscopic 
organisms in the sample to oxidize the organic matter to a sample,. 

Method of Testing: Analysis before and after incubation to det&rmine 
the amount of oxygen present. , " 

Principles of^est: . ' . . • 

lyi , Aerobic organisms^ will decompose bf^aadc material in sewage 
if adequate dissolved oxygenj^ present. The 03cygen used will • 
: be p^opbrt^nal to the material decomposed. 

2. , Adequate oxygen is iiisured by diluting the sample with distilled 

water saturated with oxygen. The amount of ^lution depends' 
on the strength of the sewage sample as follows: ^ 

a. Raw sewage - 2% 20 ml. per 1000 ml. total dilution 

b. ' Settled sewage - 3% 30 ml.^per 1000 ml. total dilution 

c. Plant effluent - 5% 50 ml. per 1000 mf. total dilution 

d. ^ Stream sample - 25 to 100% depending on condition pf . 

stream - 250 ml. per 1000 ml. total dilution 

3. The sample is incubated at 20^0. to provide uniform conditions 
^^r bacterial growrfeh and give uniform results for reporting. 

4. The incubation coye^s 5 days, and the results repoAed imply 
that it is the 5th day BOD unless otherwise stated. The 5 day ^ 
BOD actually represents 68% of the total BOD. 



Equipment: 

1. Two BOD bottles' 

2. , Siphon tube 

3. Plunger tjtoe mixing rod 

4. Graduate cylinder (100 ml.) 

5. Erleniiieyer flask ^ . 

6. Three pipetts ^ 

7. Burette 

8. Incubator at 20°C. 

9 . Graduated cylinder . ( 1000 ml. ) 
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Reagents 



1. Dilution water 

2. Manganous sulfate 

3. Alkaline potassium iodide oxide 

4. Concentrated sulfuric acid 
0,025 sodium thiosulfate 

0. Starch solution 

Procedure: 

1. Siphon 400 ml. of dilution water into 1000 ml. graduated cylinder. 

2. Add sample according to strength of sample (see principle #2) . 

3 . Fill the cylinder to the 1000 ml. mark with additional dilution 
water and mix gently with mixing rod. 

4 . * Use siphan to fill 2 BOD bottles with diluted sample. 

5. Perform a D.O. t^st on one bottle and record results as follows: 
Unlncubated sample = PPM D.O. 

6. Stopper the second bottle aitd place it in the incubator for 5 days. 
NOTE: Keep water in the lip of the stoppered bottle. 

7. After the 5 day incubatiqn run a D.O. test on the second bottle and 
record results as follows: Incubated sample = PPM D.O. 

8. Compute and record BOD of original s^ple as follows: 

D.O. before incubation - D.O. after iffcubation X 1000 . _ • 

ml. of sample 

' PPM . BOD of sample 
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FREE CARBON DIOXIDE 

Purpose of Test: To determine the "amount of free carbon dioxide which 

can be released from the carbonic acid in a water sample. * 

Method of Testing: Volumetric titration using pH color indicators to 
determine end-point. 

Principles of Test: 

1. Due to the ionization>^nstants of the compounds containing carbon 
dioxide in water, the follownng conditions exist: 

a. With a pH above 8.3, all carbon dioxide in solution will be 
in the carbonate or bicarbonate form and no carbonic acid 

' will be present. 

b. At a pH of 8.3 , all carbon dioxide will be in the bicarbonate 
' form. I 

c. Between a pH of 8.3 alnd 4.5, the carbon dipxide will be in 
the bicarbonate form and cai^nic acid form. 

d. Below or at a pH of 4.5, all of the carbon dioxide will be 

carbonic acid; buftthis condition can exist only if Free > 
Mineral Acids are present. In this case a FMA and total 
acidity test WQu^Jutve to be performed. 

» 

2. In this test, in the absence of FMA, the wirbonic acid is neutra- 
lized to the bicarbonate, equivalent pH of 8.3 with a standard alkaline 
reagent as follows: 

a. HjCO + NaOH ► NaHCOg = HgO 

b. HgCOg + NagCOg -> 2NaHC03 

Equipment: 

1. Rubber tube 

2. 50 ml. graduated cylinder 

NOTE: The use of a rubber tube to obtain the sample arid use of , 
a small mouth container is necessary to prevent loss of- or absorp- 
tion of carbon dioxide 
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3. Stirring ro4 

4. Burette 



Reagents: 

1. Phenolpbtbalein indicator 

2. Methyl orange indicator 

3 . 0 . 0454N sodium carbonate or 0 . 0227N sodium hydroxide 
NOTE: Reagent must be free of CO2 

Procedure: 

1. Add 3 drops of phenolphtialein indicator to approximately 15-20 
ml. of sample. ' 

a. If a pink color develops, no free carbon dioxide is present. 
Record results as PPM Free Carbon Dioxide 

b. If sample is colorless proceed to Step 2. 

2. Add 3 drops of methyl orange indicator. 

a. If a pink color develops, FMA are present and this test is 
not applicable. Record results as FMA present 

b. If the sample turns yellow continue to step 3 

3. Collect 50 ml. of sample by means of a rubber tube discharging 
at the bottom of a 50 ml. graduated cylinder. Allow the sample 
to overflow the cylinder and withdraw the tube while sample is 
flowing. Remove excess sample with a pi]^tte or by flicking the 
cylinder. 



4 . Ad^3 drops of phenolpbtbalein . 

5 . Titrate with a standard sodium hydroxide or sodium carbonate 
(N/50) stirring gently until a definite pink color persists for 30 




Read burette and record ml. of reagent used = 



seconds. This is the end point. 
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Compute and record results as follows: 

a. The ml. of reagent X 22. 7 = pPM cOo as 

CaCOg 2 

b. The ml. of reagent X 20 = ' ppM COo as CO 

- ^ .2 

NOTE: If different normalities or amounts of sample are used the 
results may be computed as follows: . * 

a. Where sodium hydroxide is used 

ml. X N X 44000 ^ 
ml. sample i^AJ CO2 as cOg 

ml. X N X 500000 r)T>nyrn/^ r^Knr. 
ml. sample = PPM CO2 as CACO3 

b. Where sodium carbonate is used 

ml. X N X 220OU =ppMCOoasCO 
ml. sample - i'M CO2 as COg 



ml. XNX 25000 - r^rs 

ml. sample = COg as CaCOs 
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CHLORIDE 



Purpose of Test: To determine the amount of chlorides in the water. 

Method of Testing: Selective precipitation by volumetric titration using 
the formation of insoluble silver chromate as end point indicator. 

Principles of Test: . 

1. At a pH between 7, and 10 silver nitrate will precipitate the 
chlorides^ silver chloride. 

2. Once the chlorides are precipitated, a slight excess of silver 
nitrate will react with potas^um chromate (yellow indicator) 
to precipitate silver chromate which is red. 

Sr' Due to the presence of the white silver chloride precipitate, 
the yellow potassium chromate and the red silver chromate * 
precipitate. The end point color is determined by using a dis- 
tilled water blank. 



Equipment: 



1. Graduated cylinder 

2. 2 Casseroles 

3 . Burette 

4. Stirring rod 



Reagents: 



1. Phenolphthalein indicator 

2. 0.0141N silver nitrate 

NOTE: Silver nitrate should be standardized daily and calcula- 
tions made accordingly. 

3. 0. IN sulfuric acid 

4 . 0 . IN sodium hydroxide 

5. Potassium chromate indicator solution 
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Procedure: 

1. Pour 50 ml. of distilled water in a casserole. 

2. Add 1 ml. of potassium chromate indicator. 

3 . Titrate with silver nitrate until a reddish pink color develops. 
Record ml. of reagent for blank ; Save this 
blank for determining the end point of sample titrated. 

4. ]^qur 50 inl. of sample into a second casserole. 

5. • ^dd 2 drops of pheholphthalein and adjust pH as follows: 

a. If sample turns pink add 0 . IN sulfuric acid until the pink 
color fades away and continue to step 6. 

b. If sample turns clear add 0. IN sodium hydroxide, drop at 
a time, until a slight pink color develops and continue to 
step 6. 

6. Add 1 ml. of potasiUum chromate indicator. 

7. Titrate with silver nitrate reagent until color of blank is reached. 

8. Compute results all follows: 

PPM chloride m ml. reagent for a sample - ml. reagent for 
blank X Normality of silver nitrate X 35,450 

ml. of sample 
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TOTAL CHLORINE I^SIDUAL 



Purpose of Test: To determine the "Total Available Chlorine." in a water 
sample. 

Method of Testing: visual color comparison 
Principles of Test: 

1. Ortbotolidine in the presence of h]^- chlorous acid (free avail- 
able chlorine) or chloro-amines (combined available chlorine) will de- 
velop a yellow color. 

2. The intensity of the color will be proportional to the amount of 
these forms of chlorine present. 

3. The colbr developed is compared to the standard colors on the 
chlorine residual standard color disc. 

Equipment: 

1. Hellige color comparator kit which includes: 

a. Color comparator (body) 

b. Chlorine disc 

• c. Two glass tubes 

.'2. Small beaker for sample 
Reagent: ^ 

Ortbotolidine in bottle with 0.5 ml. dropper 
Procedure: 

» 

1. Place chlorine residual disc in the comparator. 

2. Add 0. 5 ml. of ortbotolidine to one tub^. 

3. TUX the second tube to the 10 ml. mark with sample to be tested. 

4. Transf^ijth^ sample fronpi the second tube to the first tube. (This 
allows mixing of sample with the ortbotolidine) 

•5. Place the tube with sample and ortbotolidine in comparator so 
that it can be viewed through the center of the disc. 

15 
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6. Fill the second tube with sample to the 10 ml. mark and place it 
in the second con^partment of the comparator. 

7. Hold the comparator toward the light and rotate the disc ontil 
color of sample is matched with a color on the disc. 

8. Read the number shown in the opening of the comparator. (This 
is the chlorine residual in PPM). 

9. Record your results: 

Total available residual PPM. 




r 
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CHBOMATES 



Purpose of Test: To determine the chromate concentration in chromate 
treated cooling water samples. 

Method of Testing: Yiaval color comparison. 

Principles of Test: 

1. Chromates in the concentraltion used for treatment of cooling 
^ater cause a yellow color proportionate to the chromate concentration. 

2. The color produced is compared to that of chromate color 
standards. 

I^fitdipment: - ■ ' ' 

1. HeUige color con^parator 

2. Two comparator tubes 

.3. Chromate color standard disc 

Reagents: None 
Procedure: 

1. Place color disc in the comparator. 

2. Fill one tube with sample and place in the comparator so that 
it will be viewed through the center of the disc. 

3 . Fill second tube with clear waterand place in second compart- 
ment of the comparator. 

4. Hold comparator toward lig^ and rotate disc until a color match 
is obtained. 

5. Read PPM indicated in open window on 'face of comparator. 

6. Record results: 
Sample No. 1 PPM chromates. 
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COLOR (HELUGE) 

Purpose of Test: To ,determine the intensity of color In a water sample. 

Method of Testing: Visual color comparison with standard color disc. 

Principles of Test: 

1. Most of the true color in natural water supplies are cause by 
dissolved tannin-like organic material from decaying vegetation which in 
dilute concentration gives a yellow color to water. 

« 

' 2. Suspended matter and precipitated iron or manganese may give 
the water an apparent color which must be removed by centrifuge or fil- 
tration using a nonabsorbent filter aid. 

3. The color of a turbidity iree sample ia compared to the color of 
platinum- cobalt standard color \lisc and the color reported in standard 
color units. 

Equipment: 

1. Hellige aqua-tester 

2. Two aqua-tester Nessler tubes wittt plungers 

3. Color standard disc 

Reagentsi^None 
Procedure: 

1. Fill one of the Nessler tubes with turbidity free sample. NOTE: 
If turbidity is present and the equipment is not available for centrifuging 
or lllterii^, the test taay be run but the results are reported as apparent 
color. 

2. V Swing open the back cover of the aqua-tester. Insert the tube in 
the right side holder and let it rest in the circular depression of the plat- 
form. 

3. Fill the second Nessler tube with water of zero turbidity and color 
and insert it in the left side of comparator. 



4. Remove the light shield with eye piece and insert the color test- . 
ing disc with the numbered side up. Replace the lig^ shield. 

5. ' Make the color comparison by revolving the disc until a. color, 
match is made with one of 'the standards. 

6. Read the results directly from the figure seen^in the circular 
opening on the li^^t shield. If the cQlor of the sample is between two 
standard colors-, estimate the value. 

7. Record the results as follows: color units. 
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FLUORIDE TEST (HELLIGE) 



Purpose of Test: To determine the fluoride content of water. 
Method of Testing: Visual color comparison 
Principles of Test: - 

1. Fluori(?e ions in the presence of Zirconium- AUzanin (fluoride 
reagent) will develop a color proportional to the amount of fluoride ions. 

2. The color developed is matched with a standard color on a 
fluoride standard color disc. 



a. Fluoride color disc 

b. Two Nessler tilbes 

c. Two plungers 

d. Five ml. pipette 

e. Graduated cyflnder (100 ml.) 

f . Erlenmeyer flas^ with stopper 



CAUTION: The glassware for the fluoride test is not to be 
washed with soap or alkaline solution. It should be rinsed 
with tap, distilled, or sample water. If further cleaning 
is necessary clean with 1:1 nitric acid. 

Reagents: Fluoride reagent 

Procedure: 

1. Remove the light shield from the comparator and insert the 
fluoride color disc. Replace the Ught shield. 

2. Add exactly 2. 5 ml. of fluoride reagent toth^ flask and stopper. 



Equipment: 



1. Hellige "aqua-tester" complete with: 




Note the time. 

3. Let sample set for one hour. 




4. Fill one Nessler tube to' the mark on the tube with sample con- 
taining reagent from step 3 and place plunger in tube. 

5. Swing open the back coyer of the comparator and place on the 
tube with reagent in the rig^ hand holder. (Ri^^^hand to you while 
facing the eye piece) 

6. Fill se^nd Nessler tube with sample without reagent. Stopper 
the tube and place in the left hand holder. 

7. Close the cover and turn on the lig^. ^ 

8. Make color comparison within 5 minutes after the one houx: 
period by revolving the cofbr disc until a color match is made with sample 
and disc. 

1 9. Read the results from the figure in the circular opening on the ^ 
ligjit shield. . 
.10. Record results as follows: * 

Sample No. 1 = - PPM fluoride ' ^ 



V 
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HARDNESS (EDTA) ^ 

Purpose of Test: Tb determine the total amount of hardness as CzCO^ 
equivalent, and that portioh caused by Ca and Mg. 

Method of Testing: Volunttric titration with EDTA (versenate) to form ^ 
complex Ca and Mg compounds and using organic dyes as «md point 
' indicators. / ) 

Principles of Test: 

1. In a buffered solution, using "Total Hardness' Buffer, "«^a and 
Mg will cause a "Total Hardness Indicator" dye to giye a red color to the 
solution. 

2. EDTA added to solution will form a complex ion^ith the Ca and 
Mg and a flight excess will turn the solution blue.- ^ 

3 . In a solution buffered with "Calciujfi Buffer" the Mg is rendered 
inactive and the EDTA plus Ca will cause "Calcium Hardness Indicator" 
<tye to turn pink. * ' \ 

4. EDTA added to this solution will form a complex ion with Ca and 
a slight excess will turn the solution a red- purple color. 

Equipment: , ' ' 

1. Burette 

2. Casserole ' ' I 

3 . Graduated cyliflder * - ' 

4. Pipette O . 

5. Stirring rod . 

6. Chemical scoop' 

Reagents: 

1. 0.01 molor Standard EDTA Hardness Solution (1 ml. : 1 PPM) 

2. Total harness buffer . 

3. Total hardness indicator 
'4. Calcium hardness buffer 

5. Calcium hardness indicator 
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Procedure: , 

* 

1. Measure 50 ml. o| sample and transfer to a casserole. 

2. Add 0.5 ml. of Total Hardness buffer and stir to mix. 

3. Add one chemical scoop of total hardness indicator and stir until 
dissolved. 

4. Titrate with EDTA to a blue color (end point) and record no. ml. 
of EDTA used. EDTA foriotal hardness = 

5. Measuire an additional 50 ml. of sample and transfer to a clean 
cassetole. - . 

6. Add 5 ml. of .calcium buffer solution. 

7. Add one chemical scoop of calcium hardness indicator and stir 
until dissol'^. 

8. Tit^^e with EDTA until a red-purple color (end point) is reached 
and record mL of EDTA used. EDTA for calcium hardness = ml. 

9. Compute PPM Total Hardness, Calcium Hardness, and Magne~ 
slum Hardness as follows: 

a. The ml. EDTA for Total Hardness X 20 = PPM 

Total Hardness as CaC03. 

b. , The .ml. EDTA for Calcium Hardness X 20 = PPM 

Calcium Hardness as CaCOs. 

f .c. PPM Total Hardness - PPM Calcium Hardness = 

PPM Magnesium Hardness. 
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^ TOTAL HARDNESS (SOAP TITRATION) 
Purpose of Test: To determine the total hardness of water, 
Method of Testing: Titration with iSoap to the permanent lather end -point. 
Principles of Test: 

1. Hardness in water will react with soap to destroy the lather 
forming properties of the soap. 

2. A standard soap solution is added in 0. 5 ml. portions to a 
selected volume of sample until a permanent lather forms. 

3. PPM hardness is computed as follows (ml. soap solution used 
minus soap factor) X 20 = PPM Hardness as CaC03 . 

Equipment: ' *■ 

« 

1. Graduated cylinder (50 ml.) 

2. Glass stopped bottle (250 ml.) or Erlenmeyer flask 

3. Burette 

Reagents: 

Standard soap solution (1 ml. =20 PPM Hardness and soap factor = 
0.5 ml.) 

Procedure: 

1. * Add 50 ml. of sample to bottle. 

2. Add 0. 5 ml. soap solution to bottle and shake • 

a. If a lather forms and remains for 5 minutes no hardness is 

present. 

b. If no lather forms or forms and disappears in 5 minutes or 
less^ continue to step 3 . 

3. Add soap solution in 0.5 ml. portions until a lather is present 
at the end of 5 minhtes. 
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4. Multiply ml. of soap used by 20 to find total hairdness. 

5. Compute and record results; Hardness = PPM 

as CaC03. 
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DISSOLVED IRON TESf (PHOTOMETRIC) 



s/ 



Purpose of Test: To determine the dissolved iron content of a water 
sample. 

♦ 

Method of Testing: Photo electric color comparison using a photo elec- 
tric meter, (Photometer) to measure transmitted light. 

Principles of Test: 

1. Phenanthroline reacts with dissolved iron to produce an orange 
color whose intensity is proportional to the Fe concentration. 

2. The intensity of the color produced is measured by measuring 
the percent of light by the treated sample as compared to the amount 
transmitted by a treated blank of distilled water. 

3 . The iron content is determined by comparing the percent trans- 
mission for the sample tgthe percent transmission of standard samples 
as shown on a prepared chart. 

Equipment: 

1. Graduated cylinder (25 ml.) 

2. Photometer 

3. Two glass photometer tubes 

4. Percent transmission to PPM iron conversion chart 
Reagents: 

Phenanthroline (Hatch Ferrovor powder pillows No. 854) 
Procedure: 

1. Connect photometer to power source and turn switch to a. c. 
NOTE: The unit should warm for 10 minutes before use. 

2. Measure 25 ml. of distilled water and pour it into one of the 
photometer tubes. _ . - 



26 

26 1 



3 . Measure 25 ml. of sample and pour it into the second photometer 
tube. 

4. Add the contents of one power pillow to each of the tubes. Mix and 
allow to stand for at least two minutes, not longer than ten. 

'5. Place the tube containing the distilled water in the "blank" open- 
ing of the photometer. 

6. Place the tube containing the sample in the sample opening of the 
I^tometer. , ^ - 

7. Insert mter No. 490 into the Ugfat path. 

8. Slide the clear blank into the li^ path. 

9. Adjust the meter to 100 percent transmission. 
1(J7 ' Slide the sample into the light path. 

11. Read percent transmission and record. 

12. Consult the conversion chart to convert percent transmission to 
PPM iron. 

13. Record results: 

* Sample No. 1 PPM Iron. 
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JAR TEST 

Purpose of Test: To determine optimum day to day chemical dosage for 
coagulation and flocculation of a water supply when experience or a series 
of similar tests has established that the best coagulant is ferric chloride, 
the optiipum pH is 8. 5 to 11, and that soda ash is the best source of 
^ alkalinity. 

Method of Testing: Trial Treatment. 
Principles of Test: 

1. When the proper coagulant, optimum pH, and source of alkalinity 
for a given water are known, the changes in coagulant dosage to meet day 
to day changes in the water as determined by adding sufficient alkalinity 
and progressive amounts of coagulant, mixing, and observing the results 
of different dosages. ^ 

2. In this test, soda ash is added to adjust the pH of 6 one liter 
samples. Then additional soda ash is added to each sample ,^prQpor«onal 

' to the amount of coagulant to be added to prevent depressing the pH when 
adding the coagulant. 

Ferric chloride coagulant is added to each of the samples in 
progressive amouoits and mixed. | 

4. Mixing time and rates are controlled to duplicate the conditions 
of the plant being used . 

5. The optimum chemical dosage is one using the least amount of 
chemicals which will produce a pinhead size floe that will settle in 30 
minutes leaving a turbidity of less than 10 units (observable clear for ^ 
classroom work). — ^ 

Equipment: 

1. Six (i£e liter beakers ' < 

2. Graduated cylinder (1000 ml. ) 

3. Laboratory stirrer 

4. Pipette 
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Reagents: 

1. Phenolphthalein indicator solution 

^.^tandafd ferric, chloride solution (10 grams ferric chloride in 
1 liter which will be equivalent to 10 PPM dosage whenTna. is added 

to 1 Uter of sample) vi «4j« 

3. Standard soda ash solution (10 grams per liter as/ferric chloride 

solution) ^ 
Procedure: 

1. Determine soda ash needed for pH ac^ustment as follows: 

a. Measure 1 liter of sample and pour it into beaker. 

b. Add 5 drops of phenolphthalein. 

c. Add soda ash solution 1 ml., at a time until sample turns 

dark pink or red. „- x 

d. Record ml. of soda ash solution used for pH adjustment in 

chart below. Discard this sample. 

2. ■ Add 1 liter of sample to each of the 6 one liter beakers. 

^3 , Adjust pH by adding soda ash solution to each beaker in the 
amount determined in step 1. Record amount used in chart below. 

4. Add additional soda ash solution to sample beakers as follows: 

Beaker #1-0.6 ml; #2 - 1.2 ml: #3 - 2.4 ml; #4 - 3.6 ml; 
#5-4.8 ml; #6 - 6 ml. , 

5. Place beakers under mixer then turn on mixer. Adjust mixer 
paddles and beaker to maximum turbulence at 80 RPM (Revolutions Per 
Minute). 

6. Add ferric chloride solution as follows: 

Beaker #1-0.5 ml; #2-1 ml; #3-2 ml; #4 - 3 ml; #5 - 4 ml; 
#6-5 ml. 



7. Mix at 80 RPM for 2 minutes. 

8. Turn mixer control to 20 RPM and mix for 30 minutes. 

9. Turn off mixer and allow to settle for 30 minUtes; 

10. Observe results and record as A (for acceptable) or NA (not 



, acceptable). 
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11. Review chart to detexmlne acceptable treatment with the least 
amount of chemicals used. 

12. Compute dosages as follows: 

a. The ml. ferric chloride X 10 = PPM ferric chloride. 

b. The ml. ferric chloride X 10 X 8.34 = lbs ferric chloride 
per M-gal. 

c. Total ml. soda ash X 10 - PPM soda ash. 

d. Total ml. soda ash X 10 X 8.34 = soda ash per M-gal. 



TREATMENT DOSAGE CHART 



Sample No. 


1 


2 


3 


4 


5 


6 


Soda Ash for pH 
adj (ml.) 














Soda Ash for FeCl3 














Total'soda ash 














The ml. FeCla 














Total Chemical 




N 











DISSOLVED OXYGEN (STD METHODS) 



Purpose of Test: To determine the dissolved oxygen in a water or sewage 
sample. 

Mtehod of Testing: Volumetric Titration. 



1. Manganous sulfate reacts in an alkaline solution to form mahga- 
nous hydroxide (white precipitate if oxygen is absent). 

2. Oxygen will react with the manganous hydroxide to form • br^iwi 
precipitate of manganic basic oxide. 

3. Upon the addition of sulfuric acid, the brown precipitate dis- 
solves forming manganic sulfate. 

4. The manganic sulfate immediately reacts with the potassium 
iodide to form potassium sulfate and free iiodine. The iodine released is 
proportional to the D.O. in the sample. 

5^ The iodine is titrated with sodium thiosulfate as the reagent and 
starch as the end point indicator. 



Equipment: \ 

1. BOD bottle (300 ml.) 

2. Three pipe;ttes 

3. Burette 

4. Erlenmeyer flask 

5. Suction bulb 

Reagents: 

1. Manganous sul&te 

2. Alkaline potassium Iodide oxide 

3 . Concentrated sulfuric acid 

4. 0.025N sodium thiosulfate 

5. Starch solution 



Principles of Test: 
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Procedure: 



1. Fill BOD bottle with sample. Observe rules for taking sample for 
dissolved gases. 

2. Add 2 ml. manganous sulfate. ifJOTE: Add each reagent with a 
clean pipette. Submerge tip of pipette to deliver reagent, but not deep 
enough to allow sample to enter pipette. 

3. Add 2' ml. of potassium iodide. 

4. Stopper the bottle, pour off excess solution, and mix contents by 
shaking the bottle. Allow precipitate to settle half way. Shake again and 
allow precipitate to settle half way again. 

5. Add 2 ml. sulfuric acid. CAUTION: Acid is dangerous. Handle 
carefully. 

6. Stopper bottle, pour off excess, -.shake and allow to set for 5 
minutes. 

7. Transfer 100 ml. of the treated sample to an Erlenmeyer flask. 
NOTE: If extreme accuracy is required use 101.5 ml. See Standard 
Methods of Water Analysis. 

8. Titrate with 0.025N sodium thiosulfate until yellow color becomes 
light yellow. ^ 

9. Add 2 ml. starch solution. 

10. Continue titration to the first disappearance of the blue color. 

11. Read burette and record: Sodium thiosulfate u^ecl = ml. 

12. Compute PPM D.O. as follows: 

. ml. sodium thiosulfate times 20 = PPM D.O. 

13. Record results: as _PPM D.O. 
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pH (ELECTRIC METER) 

Purpose of Test: To measure the free hydrogen ion concentration (pH) 
. of a water sample as a measurement of its degree of acidity or alkalinity. 

Method of Testing: Electric^pH Meter 

Principles of Test: 

1. Measurement of pH is accomplished by determining the potential 
developed by an electrical cell. 

2. The anode half cell or reference electrode consists of a glass 
r tube containing mercury mercurous chloride immersed Jh a saturated 

KCl solution. The tube has a porous tip to' allow a liquid junction be- 
tween the half cell and the sample. The half cell has a constant potential. 

3. The cathode half cell electrode consists of a glass electrode 
which is sensitive to the hydrogen ion in the sample. The potential of 
the half cell varies with the hydrogen ion concentration of the solution. 

4. Since the potential of the reference electrode is constant, the 
potential of the. cell depends on the hydrogen ion concentration of the 
sample. 

5. The black scale on the meter is calibrated to read the pH, nega- 
tive log of tiie hydrogen ion concentration, equivalent to the electrical 
potential produced by the cell. 

6. Due to the change of sensitivity of the meter at different pHs, 
the unit must be standardized with a buffered solution of a known pH/ 
before testing the sample. 

Equipment: 

1. Zeromatic pH meter 

2. 50 ml. beaker (for buffer) . 

3. 150 ml. beaker (for distilled water rinse and sample) 
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Reagents: 



1. Saturated KCl solution 

2. pH buffer (near pH of estimated sample) 



Procedure: 

a. Preparing the meter 



1. Remove the cover. 

2. Depress the manual and stancjby buttons on the meter. ^ 
CAUTION: Never remove the glass electrodes from water 
with the "READ" button depressed. 

3 . Slide the rubber tube covering the small hole on the 
reference electrode down to uncover the bole. 

4. Remove the rubber boot from the reference electrode. 
N CAUTION: Both electrodes must be handled carefully 

and kept clean since they are very sensitive to scratches and 
the contaminating ions. 

5. Check the level of KCl solution in the reference electrode. 
Add sufficient KCl solution to cover the bri^it mercury if needed. 

6. Lower electrodes approximately 2 inches into distilled 
water and allow to soak for several hours. 



b. Standardizing the meter 

1 . Pour approximately 1 inch of pH7 buffer in the 50 ml. 
beaker.. 

2. Submerge electrodes in this buffer. 

' CAUTION: Do not allow lirobes to come in contact with 
the bottom of beaker. 

3 . Set temperature knob to room temperature. 

4. Depress "TREAD" button. r\ 

5. Turn "Standardize" knob until the meter indicates pH7 on 
the black scale of the buffer. ^ 

NOTE: The indicator may tend to drift. Allow time for it 
to stabilize before reding. 

6. Depress standby batcon. ' ^ 
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^ c, Determiniiig ^ of sample 

li Using 150 ml. beaker and distilled water rinse the electrodes 
three times using fresh distilled water each time. 

2. Rinse beaker and electrodes with sample and discard this 

water. 

3. Refill beaker with san^le and submerge probes approxima- 
tely one inch. 

4. Obtain temperature of sample and set temperature knob on 
meter to that sample. ^ 

5. Depress "READ" button and allow indicator to stabilize. 

6. Read the meter and record to the neiurest 0. 1 pH. 
Sample pH « . 

7. Push "Standby" button down.^ 

8. If equipment is to be left in the standby position, rinse 
electrodes with distilled water and leave them submerged in distilled 
water. 

♦ # 

d. Storing meter 



<3 

water. 



1. Unplug the meter. 
^ 2. Remove electrodes from water, and rinse with distilled 

3. Cover the reference electrode fill holes. 

4. Replace boot on reference electrode. ^ 

5. Cover the meter. ^ ^ 

4fc 
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pH (TAYLOR WATER ANALYZER) 

^Purpose of Test: To determine the hydrogen ion concentration of a water 
sample as a measure of its degree of acidity or alkalinity. 

Method of Testing: Visual co^r comparison usii^ the Taylpr Water 
Analyzer^ 

Principles of Test: ' 

1. Certain organic dyes, pH indicators, give a specific color to a 
water sample at or below a certa^ pH and change to another color at or 
above a hi^er pH. When the pH is between the high and low ranges, the 
color or shade of color will vary with the pH. The pH range and color 
produced are specific to the indicator used. 

• 2. The color produced when an indicator is add^d to the sample 
is matched to a standard color in a color slide which is specific to the 
indicdtbr used. 

Equipment: ^ ' 

1. Taylor Water Analyzer 

2. 3 Nessler tubies - iso mm 

3. Beaker for sample ^ j 
4.. (3) Taylor Water Analyzer nSlides for the following indicators: 

a. Pehnol Red 

b. Chlorophenol Red 

c. Bromocresol Green 

Reagents: 

1. Phenol Red indicator 

2 . Chlorophenol Red indicator 

3. Bromocresol.Green indic^r 
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Procedure: . . • . ' 

1 . Fill 2 of the Nessler tubes to the mark on tube with ^mple . 

2. Place these 2 tubes in the outer compartments of the analyzer. 

3 . Add 3 drops of chlorophenol red indicator to the 3d tube, fill 
to mark with sample, and mix. 

4. Place the 3rd tube in the center con^partment of the analyzer. 

5. Place the chlorophenol red slide in the analyzer slide track 
with one of the arrows point to point with the arrow on the analyzer. 

6. Move the slide from arrow to arrow until the closest match 
between the sample and standard is made. With arrows point to' point , 
the center color reflected on the mirror is the sample and the outer 
colors are the standards. , , 

' 7. Read the pH as indicated on the slide directly above the stand- 
ard matched to the sanaple and proceed as follows: 

a. If the pH is less than 5.8 but greater than 5.^, report 
this as the pH of thessample. Proceed to stisp 12. 

b. If the pH is' 5. 2, proceedio step 8. 

c. If the pH is 6.8, proceed to step 10. 

8. Repeat steps 3 thru 8 substituting bromocresol green indicator 
and slide for chlorophenol red and indicator slide. 

9. Make color match and report as follows: 

a. If pH is greater than 3 . 8 report it as the pH of sample. 

b. If pH is 3. 8 report "3. 8 or below" as the pH of the sample. 
Omit steps 10 and 1%^. 

10. Repeat steps-3 thru 8 substituting phenol red indicator and phenol 
red slide for chlorophenol red indicator slide. , , ' 

11. Make color match and re.port as foUows: \ 
a.* If pB is below 8.4 report it as the pH of sample. v 

. b. If pH is 8.4 report pH of sample as "8.4 or above. " 

12. Re'cord resjilts: ' ' ' ; 
pH of sample:. " / 
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PHOSPHATE ;j^AYLOR HIGH PHOSPHATE COMPARATOR) 



Purpose of Test: To determine the total dissolved phosphates in a water 
sample. To determine also the amount which is orthophosphate and the 
which is polyphosphate. 

V Method of Testing: Visual color comparison. 

Principles of Test: 

1. Orthophosphates will react with molyfodate reagent to form 
pho^homolyb(^c leicid. 

2. Stannous chloride will react with the acid to form an intensely 
colored complex compound, molybdenum' blue, the intensity of which is 
proportional to the orthophosphate in the sample. 

3 . The intensity of the colot* is matched to standard phosphate 
colors. > . 

4. Polyphosphates may be converted to orthophosphates by bdiling 
a sample to which acid has been added. ' 

5. Total dissolved i^sphates are determined by first converting 
the polyphosphates in one sample to orthophosphates by boiling and 



then testing for orthophosphates. 

6. Orthophosphates can be determined on a san^)le without boiling. 

7. ^Polyphosphates are determined by subtracting orthophosphates 
from polyphosphates. 

a. Orthophosphates, 

Equipment and reagents: 

Taylor high phosphate color comparator Wt complete with: ^ 

1. Color comparator 

2. Three compax^rs 
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3 . Special measuxihg and mixing tube 

4. Rubber stopper 

5. Graduated cylinder (10 ml.) 

6. Hi^ phosphate comparator slide 

7. Small bottle with stopper (for making stannous chloride 
dilution) * , 

8. Small bottle of cone, stannous chloride 

9. Molyfodate reagent 

Procedure: 

.1. Make dilute stannous chloride solution by addiiig 0.5 ml. cone, 
stannous chloride'to clean dilute stannous chloride bottle, and filling 
bottle -with distilled water and mixing. Save for step 5. 

2. Fill mixing tube to the 5 ml. mark with clear sample waters 

3 . Add 10 ml. of molybdate reagent to the mixing tube. If measure- 
ments are accurate this will mi tube to 15 ml. mark. 

^ 4. "Insert clean rubber stopper and mix tube contents. 

5. Add 2. 5 ml. of dilute sfeumous chloride to mixing tii^ (to the 
17. 5 .mark) and mix. 

6. Fill one of the comparator tubes to the 5 ml. mark with treated 
sample and place it in the center of the comparator. 

7. Fill 2 comparator tubes with imtreated sample and place on each 
' side of treated sample in the comparator. 

8. Insert high phosphate color standard slide and make color match. 

9. Read and record results as orthophosphates as PO4 = PPJi 

b. Total Phosphates 

Equipment and reagents: 

1. Same ais for orthophosphates plus 

2. Erlenmeyer flask (250 ml.) 

39 
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3 . Bunsen burner and stand or hot ptate 

4. Phosphate reversion acid.^ 

5 . Phosphate reversion neutralizing soIuti6n 

Procedure: 

1. Pour exactly 25 ml. of clear sample into Erlenmeyer flasl)^ 

2. Add exactly 5 ml. of reversion acid. 

3. Heat to boiling over a gas burner and turn down heat so that the 
mixture just simmers^fpr 15 minutes. 

NOTE^: K mixture Evaporates to half the volume, add 5 ml. of 
distilled water. ^ 

4. Remove from burner and allow to cool to room temperature, 
then transfer to 25 ml. graduate. 

5. Add 5 ml. of neutralizer. 

* 

6. Add distilled.water to bring volume up to exactly 25 nil. 

7. Perform orthophosphate test on this sample . ^ 

8. Record results of total phosphates as^PO^ = ^ PPM. 

c . Poljrphosphates: 

r 

V 

Total phosphates minus orthophosphates = • , 

polyphosphates as . 



RELATIVE STABILITY 

Purpose of Test: To determine the percent ratio of oxygen available in- 
a sample to the total oxygen required to satisfy the BOD of a sample. 

Method of Testing: Comparing time required for depletion of oxygen in 
an incubated sample to a prepared chart which shows the relative stabi- 
lity as related to time. 

Principles of Test: ' * 

1. Methylene blue added to a sample containing available oxygen 
will cause the sample to turn blue. 

2. Bacteria will use up the available oxygen durin| incubation and 
the blue color will dis£^)pear. ^ 

* 

3. A conversion chart has been constructed by laboratory testing 
that relates time to percentage of total BOD satisfied, 

Equipment: 

1. BOEi^bottle (300 ml.) 

2. Pipette 

3. Incubator 

Reagents: . 

Methylene blue dye 
Procedure: ^ 

1. Fill BOD bottle with sample. 

2. Add 0.8 ml. methylene blue frbm a pipette, extending tip just 
below surface of sample. 

3. Insert stopper so that no air is trapped beneath it. 

4. Place bottle in incubator adjusted for 20OC. 



5. ' Observe bottle, at the same hour daily and record the number of 
days it takes for the blue color to disappear. ^ 

6. Use chart to convert time to percent relative stability Record* 
results. 



Days Required at 20°C for Relative Stability 

Disappearance of Color (Percent) 

0.5 11 

;i . 21 

. 2 37 

3 • . 50 

4 • "60 

5 68 

6 75 

7 80 

8 84 

9 87 

10 90 

11 ~ 92 ^ 

12 94 

13 ' 95 

14 . . 96 
16 97 . 
18 * 98 
20 99 
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•DISSOLVED SILICA (TAYLOR) 

V 

Purpose of Test: To determine the silica content of a water sample 

Method of Testing: ^sual color comparison 

Principles of Test: ^ " 

J 1. Ammonium molybdate ait an approximate pH of 1. 2 reacts with 
dissolved silica to form molybdosilic acid which produces a yellow 
<color proportional to the silica content of the sample. 

2, The yellow color developed is compared to silica color stand- 
ards to find the PPM silica present. 

Equipment: 

1. Taylor water analyzer 

2. Silica color standard slide. 0-25 PPM SiOo 

3 . Three Nessler tubes (150 mm) 

4. Polyethylene graduated cylinder (100 ml.) 

5. Pipette 

Reagents: 

Acidified ammoMum molybdate solution 
Procedure: . ^ 

1. Transfer 50 ml. of clear sample into graduated cylinder. 

2. Add 5 ml. molybdate reagent and mix thoroughly.. Allow to 
stand 15 minutes (not over 20) . 

3 . Fill two of the Nessler tubes to the mark with clear unheated 
sample and place in the outer slots of the analyzer. 

4. Place the tube with treated sample in the center slot of 
analyzer. 
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5. Place color standard slide in the slot of the analyzer base. 

6. Position the analyze* under a bright Ught so that the reflections 
in the mirror are clearly visible. 

7. . Match the arrows on the slide and base and shift slide from 
arrow to 'arrow until the best match between the center reflection 
(sample color) and an outer color (STD color) is made. y 



8. Read the slide and record tlie results as follows: 
PPM Si02. 



fir ' 
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DISSOLVED SOLIDS 

Purpose of Test; To determine that portion^oi total solids in a 
sample which is dissolved. 

Method of Testing: The normal procedure itf^to perform a :ota» 
solids test and a suspended solids test and subtract the suspends 
solids from total solids. 

Total solids in PPM . 
(minus) Suspended solids In PPM 
Dissolved solids in PPM 



Example: 68 PPM (total soUds) \ 
• 42 PPM (suspended solids) 
26 PPM (dissolved solids) 



/ 
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SETTLEABLE SOLIDS 

Purpose of Test: To determine the volume of solids which will settle 
out of a sewage sample in order to determine the efflcieiifcy of sedimen- 
tation tanks and the approximate volume of sludge to^e pumpedi 

Method of Testing: Settling sample in an Imhoff cone for a given period 
of time. 

Principles of Testing: ^ 

) , 

/ 

1. Solids which will settle in a settling tank with normal detention 
time should settle under still conditions in one hour. 

2. Slight agitation at the end of the 45 miSutes will allow solids 
,which stick to the cone to settle down in 15 minutes. 

3. The Imhoff cone contains 1000 ml. and the bottom is graduated 
in ml. so the results can be expressed as ml. per liter. 

Equipment: 

J 

1. Imhoff cone 

2. Imhoff cone stand ^ 
. Procedure: 

1. Fill Imhoff cone to the 1000 ml. mark with well mixed sample 
and place in the stand. 

t * 

2. Allow sample to stand for 45 minutes. 

3 . Lift cone and rotate back and forth 2 or 3 times. 

4. Allow to stand for 15 minutes. ^ 

5. Read the cone at solids level and record as follows: 

ml. per liter setteable solids. 



46 



ERLC 



SUSPENDED SOLIDS 



Purpose of Test: To determine that portion of solids in a sewage sample 
which are not dissolved. 

Method of Testing: Gravimetric following filtration. 
Principles of Test: \^ 

1. ■ Suspended isolids will be retained on a suitable filter and 
dissolved solids will pass through. 

2. After drying and weighing, the weight of suspended solids is 
converted to PPM using the following formula: 



WtX 1,000,000 ^ ppj^ 
ml. sample 



Equipment: 



1. Graduated cylinder 

2. Filter crucible 
3% Suction apparatus 

4. Drying oven 

5. Tongs 

6. Dessicator 

7. Analytical balance 

Reagents and Supplies: 
Asbestos emulsion 
Procedure: 



1. Develop an asbestos mat approximately 3/16 inch thick in a 
filter^ crucible as foUowsj ' . 

a. Place crucible on suction flask and fill with asbestos 
emulsion. Let stand 1 minute. ' , 

b. Apply suction to flask and add sufficient emlulsion to form 
mat, approximately 25 ml. 

c. Pout 25 ml. distilljsd water in crucible and vacuum it dry. 
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2. Place crucible with mat in drying oven at 103^C. and leave for 
one hour. 

3. Remove crucible from oven, place in dessicator to cool. 
CAUTION: Tongs must be used to handle hot equipment and 
also to prevent contamination from handling. 

<• 

4. Weight crucible with mat. Record weight. <^ ■ 

5. Mieasure 25 ml. pf raw sewage or 50 ml. ot settled sewage 
or 100 ml. of plant effluent and filter. 

NOTE: After filtering sample, rinse graduated cylinder 
used to measure sample and filter. 

6. Dry filter and residue in oven for one hour. 

7. Cool in dessicator. 

8. Weight and record it. 

9. Compute weight of ^lids as follows: Weight of crucible, mat, 
and solids (step 8) minus weight of crucible and mat (step 4) = weight 
of suspended solids. 

10. Convert weight of suspended solids to PPM and record results. 
See principles of test No. 2. 
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TOTAL SOLIDS , ^ 

Purpose of Test: To determine the total solids content of sewage sludge 
or water samples. 

Method of Testing: Gravimetric determination following drying. 
Principles of Test: t 

1. Most of the water is removed from the sample by a steam bath 
to prevent solids from caking to drying dish or forming moist pockets 
which are hard to dry. 

i 

2. Drying in an oven at 103° C. will remove remaining free water 
without causing volatilization of the solids. ^ 

Equipment:. 

1. Evaporating dish 

2. Graduated cylin<^r or pan scales 

3 . Analytical balance 

4. Drying oven ^ 

5. Tongs 

6. Dessicator 

7. Steambath 

Procedure: 

1. If siunple contains small amounts of solids, place clean evapora- 
ting dish in oVen and dry for one hour. (Dish used from sludge samples 
does not need oven drying), 

2. Remove dish from oven and let cool in dessicator. 
CAUTION: Use tongs when handling equipment from oven or 
from dessicator to prevent bums and to prevent contamination 
of equipment until it has been weighed. 

3. Weigh clean dry dish on analytical balance and record weight. 
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4, Measure 50 ml. of sample and transfer to evaporating dish. 
Sludge samples may be added by wei^t using pan balance. 

5/ Place evaporating dish with sample on steam bath and evaporate 
until hard. ^ 

6. Transfag: dish to drying oven and dry at 103? C. for one hour. 

• 7. Transfer dish to dessicator to cot)l. 

8.,^ Weigh dish with dry sample. Save this sample if volatile solids 
are to be determined. 

9. Compute results as follows: 

Wt of dish with dry solids - weight of dish X 1,000,000 = ml. 
. PPM total solids. or grams of sample 

10. Record results: PPM total solids. 

/ • 

, / ■ 
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VOLATILE AND FIXED SOLIDS " ' V ' 
- . - * 

^>urpose of -Test: To^etermihe that portion of sewage, or sludge 
solids which is volatile or- 4ecomposable and is mostly organic 
material, and. to de*termine> that prbtioi) which is fixed or 
nondecomposable inorganic material. . • 

Method of Testing: Gravimetric ' * 

^Principles ef Test: 

.... . , ( 

1; Total solids are first determj.ned by evaporation of water and 
and wighing the residue. S^e total solids test. * . 

* ' ♦ * 

2. The 02;ganic or volatile solids are decomposec^ in a muffle 
furnace a,t ;600 C' At this temperature the inorganic material 
will npt burn? — ^ * • ' 

3. !phe weight of total solids, volatile solids, and fixed 
solids are determined as follows: 

^ a. ^Weight: of evaporating dish with dried sample minus wei 
weight of ' evaporating di^ = weight of volatile . solids. ' ^ ^ 

b. Weight of evaporating dishVitJh dried "splids minus ^weight 
of dish and ash after burning = weight of ^volatile solids; 

c. Weight of dish and ash* minus weight of dish = weight of 
fixed solids-. » . 

4. Weight of each type of solid is- converted to PPM by -the 
formula: ^ ^ ) 

Wt of gQlid X I,X)0 0/000 _ " ' • 

ml. Qf sample ^ ^^^^ 

Equipment: * * , • ' 

1. All equipment needed for total solids test 

2. Muff ie" furnace ' 

3. Asbestos gloves * * 

• * • t, 

4 . Tongs ' 
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Reagents: None 

^ ■ . . ■ . ■ \ 

Procedure: • .. ^ 

1. Determine the total sbuds for a sample (see total soUds test). 

2. Place evaporating dish \?ith total soUds resiAie in a muffle 
furnace at 600° C. and leave for approximately 15 minutes. 

CAUTION: Asbestos gloves and long tongs are necessary . 
when placing equipment in or removing equipment from furnace 
to prevent burning hands and arms: 

'3. Remove dish from furnace and place in dessicator to cool. 

4. Weigh dish with fixed solids on analytical balance. . 

5. Compute results as indicated under principles 3* and 4 and 
record results- as follows: - ^ ' 

VolaUle soUds = ^PPM 

Fixed soUds= PPM ■ 
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SPECIFIC qONDtiCTANCE 



Purpose of Test: Jo me^re the specific conductamce of a water sample 
as a relative measure of the dissolved ionizable solids as NaCl equiva- 
. lint. , . ' ' 

" Method of Testing: Ele4tric Conductiyity'Meter ' . . 

Principles of Test: ^ • • / - ' >- 

1. Water without any dissolved solids is a very poor conductor of 
electricity. . * . I. • 

. 2. WaterWhich contains dissolved ionizable solids will conduct 
electricity in approxima^te proportion to the concentration of the ions. 

3. A conductivity ^eter is usedi&^easure the m^cromhos con- 
ductivily.- ' '' - '. : . ^ , 



Equipment: 

■ . ^ " . ■ • ^' ' ^ . 

1. Solo-bjdwige (specific conductivity meter).. . y 

2. * Proper conductivity cell probes as follows: . • 

a. Low range probes for distiUed or demineralized water 
samples. ^ ' ^ - ^' 

b. High range probefs for raw or treated water sample?. 

^ • • ... • ~ ' ' ; . ■ ; ■ \^ 

3. Two, footed cylinders-(beakers may be used if. sufficiently 
deep enough to allow submergence of air vent on probes), 

4: Coil version" chart. 

Reagents: None except for pH a<Qustment of boiler water. Refer to 
Bureau' of Mines Instruction. « . * 

Procedure: , - . ■ " ' 

1. Fill footed cylinders two thirds full of sampled 

2. Select probes v^ith hi^gh or low range depending on sample* 
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3* 'Ringe the probes in one of the cylinders of sa^iple. 

4. ^ jPlace probes in second cylinder. 

5. Plug in the meter and turn switch to "ON'' position. 

6. Cneck temperature of sample used to rinse probes. 

7. Set temperature control on meter to temperature obtain^ in 
step 6.^ ^ • ' ^ V 

8. Jiggle the probes in sample until all of the air bubbles. escape 
through the vent holes-. Keep probes submerged below vent hqle level, 

9. Turn the conductivity scat^ knob until the dark area of the eye 
or null indicator is at its widest size. ' "~ 

10. 'Read the meter and record the micromhos specific cbnducti^nty 
of sample. NCTEt If high range probes afe used, the meter, reading * 
njust be multiplied by ip. * ■ >> 

11. Turn switch to the off posirion and unplug the meter. 

12. idnse the probes in distilled water and store. 

13. Use the conversign chart that is furnished With the meter to • 
convert specifiLp conductivity- to PPM NaCl equivalent. . ' .. 



14. Record results:. 



Micromhos specific conductivity. 
PPM KaCl equivalent. , 
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SULFATE (BETZ) \ . 

Purpose of T^est: To determine the sulfate ion (S04=> concentration in a 
water sample. ^ ' ' 

V 

rMethod of Testing: Volumetric titration using a coloi- indicator, THQ 
. for end point deteralination. ' ' ' 

Principles, of Test: ■ / ' 

» 1. In a solution of sUghtly acidified sample and alcohol to which 
THQ indicator, has been added, bariunj chloride will precipitate sulfate 
' ions as barium sulfate. 

mm ' . ' ' * 

2. An excess of barium chloride will react with the THQ indicator 
resulting in a color change from yellow to rose red. ' • 

3 . Silver nitrate is added to sharpen end point. 
, Equipment: 

1. Burette • 

2. Graduated cylinder (50 ml.) 

3. Erlenmeyer flask (125 ml.) or casserolef 

4. Chemical scoop 

5. Pip€dte 

/ ■ . 

, Reagents: j 

1. 0. IN hydrochloric acid 

2. 0. IN sodium^ hydroxide 

3 . Phenolpthalein indicator solution 
4". THQ indicator 

5. Isopropyl alcohol 

6. Silver 'nitrate, 2% or N/58. 5 C 

Procedures: 

1. Measure ,25 ml. of the clear sample and pour it into an Erlen- 
meyer flask. ^ ■ , 
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2. Add 3 drops of phenolpthalein indicator. If the sample does not 
.turn' pink, add 0. IN sodium hydr6xlde until pink color appears. . 

3. # Add 0. In hydrochloric acid (a drop at a time) until pink color 
disappears. ■• 

. 4. Add 25 mi. of alcohol. 

5. Add one scoop of THQ indicator.- 

6. Add one ml. of silver nitrate. 

7. Titrate with barium chloride until color changes from yellow to 
red. This is the end point. 



8. * Compute and record results as follows: 
IP-PM S04= 



ml. BaCl2 times 48* 



NOTE: If sulfites or phosphates are present, check BE TZ 
handbook for alternate methods. 



- ^ 
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SULFITE TEST (STD MET|ODS) 

I ' 
t>urpose of Testr To determine the sodium sulfite concentration of 

boiler water. 

Method of Testing: Volumetric titration 
Principles of Test: 

- ,5 

* - 

1. Sulfites in an acidified water sample are oxidized by titrating' 
with potassium iodide-iodate solution. 



2. When all of the sulfiteiTare oxidized, free iodine is released, 
which, in the presence of starch, causes a blue color. The appearance 
of the blue color is in the end point of the titration. 

V 

Equipment: t 

r. Erlenmeyer flask (250 ml:) 

2. Graduated cylinder (50 ml.) 

3. Burette ' • 

4. Pipette 

Reagents: 

1. Sulfuric acid ; (ia| , \ 

2. Starch indicatoifsolution 

3. 0.0125N potassium iodide-iodate 

Procedures: ■ 

0 

1. Measure and pour 50 ml. of pool unfiltered sample into the 
250 ml. flask. * & - 

* 2. Add 1 ml. sulfuric acid to the flask. ' 

3. Add 1 ml. starch indicntor solution to the flask. 

^. Titrate with potassium iodide-iodate until a faint permanent 
hlue color develops. 

5. Compute PPM sodium sulfite as follows and' record results: ml. 
reagent X' 15.7 = PPM sodium sumte. 
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. TANNIN 

Purpose of Test: To determine the concentrati^b of tannin in boiler 
wat^r. • ' \ 

Method of Testing: Visual color comparison 

Principles of Test: 

1. The concentrations of tannin used for boiler water treatment 
impart a brown color to its water. 

2. The intensity of the color developed is compared to standard 
colors. > ' ' \ 

. Equipment: ' ' , \ - • 

1. Hellige tannin color comparator 

2. Three comparator tubes 

3. Small beaker (for sample) 

Reagents: .None , ♦ . ' 

Procedure: 

> 1. Fill two of the comparator tubes with the untested water.' 

♦ ^ - 

• 2. Place tubes with the untreated }ivater in the outer compartments 
of the comparator. ' 

3. Fill the third tube with boiler water sample, and place it in the 
center compartment. • ' ' - ,J 



4. Select standard color which matches color of sample. 

5. Record below the n§.me and number of the standard which matches 
the sample. Tannin matches color standard. 
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TASTE AND ODOH (THRESHOLD NUMBER) 

Purpose of Test: Tg, determine the intensity (threshold number) oftKe 
taste and odor fron^ta water sample. 

Method of Testing: Subjective human response to taste^a^d odbr sensa- • 
tion from diluted sample. 

Principles of Test: , . 

t 

1. Taste and odor are separate sensations which may be caused by 
individual substances or several substances. There is no practical test' 
which can be correlated to their intensity . The intensity of the sensa- 
tion of tastes ^d odor depends on the concentration of the substances 
and the temperature of the sample. * , 

2. Several samples are diluted with odor and taste free water at 
different ratios, brought to standard ten^rature of 40 degrees G., and 
tasted or smelle^. The* ratio of the dilution, ml. sample + ml. dilution 

^ . ' ' • • - ml. of sample 

is the threshold number for t^e. ... 

CAUTION: Be sure that, samples to be tasted'are safe to take 
into the mouth. 

3. The diluted samples are, ithen brought- to 60° C. temperature 
- and smelled to determine the threshold number for odor and taste. 

s 

4. Since one individual's sensitivity to taste and odor varies from 
day to day, and is subjective, a|id differs from another person's, three 
or more persons should de the,tasfilng and smelling to' drter mine the 
average threshold number. i " 

Equipment: . ^ 

.1. Seven 500 ml. glass stoppered Erlenmeyer flasks 

2. Graduated cylinder (100 ml. )^ . L 

3. Pipette , ' ^ . 

4. Hot plate or water bath 
'5. Thermometer ' . 

^' . ' ^ ' ■ ' 

Reagents: Odor and taste free water ' , - 

59 . f 
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Procedure: 

1. ''.Add sample of odor and taste free water to seven Erlenmeyer 
flasks* as shown by the follbwing table to give threshold numbers as indi- 
cated: 



* Flask 
No." 



ml. 

sample 



ml. taste and 
odor free water 



Resultant - 
Threshold No. 



1 
2 
3 
4 

5 
6 
7 



200 
50 
12 

2.8 
0 
0 
0 



0 

150 
188 
197.2 

200 

200' 

200 



4 • 
"17 
70 

Blank 
Blank 
Blank 



*The flask should be coded that the tasters will not' know which is 
which. ' , . • ' 

,2. 'Warm the flask .u 0° C. ' 

; 3. Arrange the flasK in order of sample strength and place blanks 
•at random between them so that the taster will not know which are blanks.. 



EXAMPLE: 



1 
B 



5 



6- 2 
B S 



7 3 
S B 



4 
S 



4. " Have t^e tasters, individuals who dp npt know the order . of the 
samples, taste the samples, starting with a blank or the most dilute 
sample and progressing to the nidre concentrated. Hav^ the tasters in- 
dicate which samples, have taste and which do not. 

CAUTION: Be sure the water is safe to taste. 
NOTE: The water need not be swallowed. 

• 5'. Determine the taste, threshold' number of the weakest dilution in 
which the tasters could detect taste by referring to tiie chart in step 1 y 
of the procedure. ^ 

6. Warm the samples in the flasks to 60° C* and check for odor 
threshold number as for) taste except that the samples will be checked 
by smelling. , ^ ' ■ 



/ 
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7. Record results as follows: 

a. Taste Tl^-eshold Number = 

b. Odor Threshold Number = 



NOTE: More exact taste and odor numbers may be obtained by ^ 
running tests'^on a broader range of dilutions within the range found in 
this test. The taste and'odor numbers are computed as follows: 

ml. sample 4- ml. dilution water = Taste or Odor numbers 
ml. samole ^ • 



P 
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y TEMP^EIATURE 

Purpose of Teist: To determine the temperature of water using. both the' 
Centigrade and Fahrenheit scales/ . . ' . 

♦ - * * 

Method of Testing: Mercury Thermometer. 

Prin<5^ples of Test: * ' • ' 4 

1. All bodies of matter have, the capacity to transfei;^eajt energy * 
by radiation,^ conduction and convection to a body of lower heat level or 
to absorb heat from a bqpfy of higher heat level until both bodies reach the 
same temperature. ' ^ ^ 

'2. In the. mercury thermometer/ heat is transferred from the 
sample to. the mercury. 

3. As(the temperature of the mercury changes, its volume changes. 
An uicrease in the temperature expands the inercuryand causea^it to 
rise in the tube. A dectease in temperature causes the mercury to con- 
tract and lower its level. 

4. .On the Centigrade scale thermometer, the mercury level point, 
at which ^ater freezes is marked 0° and the point at Y/hich waiter boils 
is marked 100° with graduations between, above> and below these points 
being 1/100 oi the difference between the 0° and 1-00° mirk* ' 

5. On the Fahrenl^eit scdle thermometer, the freezing ppiht is 
marked 32° and the boiling. point is.iharked .212°.. The graduaticjns are 
1/180 of the distance between these points. • 

6 J.- The temperature in 6ne scale can be convferted^to the tempera- 
ture on the other scale using the following formulas: 



F = 9/5C + 32 
C =- 5/9 (F -J 2) 



Equipment: 



1 . V Mercury thermometer , 

2. 500 «ml.. beaker 
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Reagents: None ^ ' 

- Procedure: • . ' 

CAUTION: The thermometer is easily broken by careless handling 
or by being e^qwsed td heat greater thaft tl^at for which it is designed. 
The mercury is also toxic if it- gets in open cuts or is swallowed. • 

1 . Fill beaker three fourths full^of sample . 

. -2. Place the thermdmeter, mercury end dbwn, .in the beaker and 
allow it to lie kgainst the side of the beaker. 

\ •' ■ ■ * . ■ " 

3 . • Wait tJiree mindtes and read the .thermometer at the mercury 
level. NOTE:' It is best to read the thermometer without removing it 
from the beaker. If you do remove the therm9meter to read it, do not 
touch the mercury-filled end. . \/ . ' 

4. Leave therpiometer in beaker and»rei-read at-^ minute inter- 
vals until the last two readings are the Same. 



27^ 



5 . I^ecord the reading as 
(scale, thermbmetel: used). 



(degrees 



scale 



6. Convert the readinjg 't6^ other s<jale and record as: 

degrees - scale (alternate scale). 
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PROCEDURES FOR VOLUMElfRIC TITRATION 

l^arpose of Exercise: To develop skills and techniques used in measuring 
impurities in water samples and in standardizing reagents by volumetric \ 
titrations.' ^ . . 

Principles of Volumetric Titrations: 

1. A reagent of known concentration, which will react with the im- 
purity in the sample being tested, is added to the sample until one drop of 
excess reagent produces an observable reaction or, change ^hich indicates 
that all of the impurity has entered into the reaction. This observable 
reaction .or change is known as the end point of the titration. ^ 

* 2. The end point may be indicated by one of the followii4. changes:'. 

a. A change in color of an added organic dye. Usually due to 
a change in pH. 

b. A change in pH as measured by a pH meter. / 

c. A change in oxidation reduction potential measured by an 
electrical potentiometer. 

d. A color change produced by an. element, ion, or compound 
formed or removed at the completion of the reaction. r 

3 . After tiie amount of reagent used is determined, the amount of 
the impurity in the sample is computed by one of tiie foUowihg methods: 

. a. The ml. of reagent x factor for given test = PPM unknown. 

b. The ml. R X NR X MiUiequiva lent Wt x 1.000,000 ^ ppyr 

mo. sample of sample usea unknown. 



where 



R = Reagent 

N = Normality of Reagent 

MiUiequivalent wt is that of the chemical form in which the 
unknown is expressed. 



64 



4. The Normality of a reagent being standardized may be computed 
us^ the .formula: 

4 

ml.Reagenti X Normality Reagenti ;= ml.Reagent2 X NormaJity ileagent2 

NOtE: Free mineral acid test is used for this exercise since it is 
representative.of the various titration techniques. 

Equipment: . * 

1. Autoifiatic burette" assembly complete with ^burette, burette . 
bottle, two hole rubber stopper, rubber pressure bulb and tube. 

^^I^OTE: Squeeze bottle, straight bureite or pipettes may be 
• used with slight modification in step by step procedures. 

2. Erlenmeyer flask (Casserole and glass stirring rod may be used 
for some tests). ' 

3. ^Graduate cylinder ' • 

Reagents: ' * * 

1. Standard solution ^ 0.02NNaOH 

2. End point indicator - Methyl orange . 

3. Stopcock^ lubricant . ^ 

« 

Procedures: ^ • 

1. Fill ^ette bottle with standard reagent (0.02N sodium hy- 
droxide). NOTO: This step, will be performed by, or under the direction 
of the instructor. 

2. Check stopcock for free movement. It should turn ea^ly using 
two fingers and applying sli^it pressure. Do not push down^tJfiifae stop- 
coi:k as this will cause it to freeze. Do not pull up on it to turn it as 
this will allow rea^nt to be Ipst. . If the stopcock does nottum easily, 
lubricate it as follows: ... 
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a. Remove the small washer cai bottom of the stopcdck and 
remove it from burette. - 

b. .Apply a small film of lubricant above and below the small 
hole in the stopcock. Do not apply lubricant where it can get in the hole. 

* . c. Replace stopcock and washer and check to see if the hole is 

clear » Note position of stopcock when closed, open, and partially open. 

3. Close stopcock, pUu» a finger over the small hole in the glass 
fillip tube and press the bulb slowly to fill the burette with sufficient 
reagent to rinse the walls of the burette. CAUTIO]^:' Do not press bulb 

, too hard; it will cause spillage of reagent. 

4. Drain the reagent from burette, refill part way, and drain 
enough to remove air from the burette t^. 

5. Fill burette slowly until it overflows back into the bottle. 

6. Read thie burette, at the point of reagent level. It should read 
0 ml. NOTE: Each number on the burette represents 1 ml. ; . each 

^ mark between numbers represents ^ 1 ml. Liquids will not stand with a 
fiat surface in the burette but will form a B)i0A dish shape called the 
meniscus. The bottom of the meniscus is used to d^ermine the level of 
liquid. Make sure the level is read with your ey^ in the same horizontal 
plane as the graduation being read. 

7. M^usure 50 ml. of sample with graduate cylinder and pouK into 
. the-Erlenmeyer fiask. 

8. Place 43a8k under the burette tip and add reagent slowly (rapid 
drops). Rotate fiask gently so contents will mix. When reagent causes 
a temporary color change sis it strikes samplet, slow the addition of 
reagent to a drop at a mne until the end point is reached (sample turns 
straw yellow). 

9. Read the burette at the liquid level and record ml. reagent used. 

1 

10. Compute the PPM impurity (FMA as CaCOs) using a ^factor (20) 
as shown in principle 3a. 

. 66 
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11. Compute the PPM inpurity (FMA £is dkCO,) as shown in 3b. Use , 
. 0^0 as miUiequivalent- wt of C^iCO^ . ^^ 

12. Record results. • - ^ . " 
NOTE: Results are not recorded correctly unliess correct jinit 
jcff measures is shown. 

13. If equipment is to be stored, drain reagent from'burette and 
rinse with distilled water. . / ^ 




TURBIDITY 

Purpose of Test: To measure the cloudy condition of water due to the 
suspended solids in the water. 

Principled of Test: 

^ » 

1. Clear water will allow lig^it to pass through it in a strai^it line : 

* i - . 

2. The suspended solids in water will absorb or diffuse light . . 

3. The absorption and diffiision abiliAr of a sampli is measured by 
determining the depth of the sample needed rto mask the image of a 
standard candle flame. 

Equipment: • * 

J ■ 

1. Jacksdn turbidity ^eter 

2. • Standard candle 

3. Jackson turbidity tube, glass \ ' 

4. Beaker 

« 

Reagent: None 

Procedures: ' ' 

/ * 

1. Lift the black metal tube from the stand and replace in an upright 

position. . 

2. - Check the candle to see if it is flush with top of its holder; 

a. If flush, continue to step 9. 

b. If candle is not flush, continue to step 3. . 

3. Light tiie.cdhdlei 

^ , *" 

^4. Remove the upper position of candle holder. 

NOTE: The candle holder may be lifted from the base for 
easier handllngf 
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5. After the candle has burned enou^ to "warm its holder, apply 
light pressure to base of the candle to force the top flush with holder. 

6. Extinguish fl^me.; 

7. Reassemble the holder and return it to the stand. 

8. Allow candle and holder to cool. 

9. Remove any portion of the wick which can be removed with 
fingers. 

10. Obtain approxlniately 200 ml. of sample. 

NOTE: The sample should not contain rapidly settling or floating 
J material. 

11. Pour one inch of sample into the glass tube to prevent heat 
breakage. 

12. Place tube in the holder. . 

13 . Light the candle &>'A allow flame to stabilize. 

NOTE: Eliminate any draft which causes the flame to flicker. 

14. Stir sample and acd it slowly to the glass tube until the image of 
the candle flame, as viewed while looking downward throu^ the tube, 
disappears. 

15. Read the ca&brated glass tube at the level of the sample. 

16. Record the reading: Units Turbidity = 

NOTE: If sample shows less than 25 units turbidity, the tur- 
bidity should be checked by comparison with standar^diluted 
samples. These samples are made from a more hirbid sus- 
pension which has been checked by the above procedure. 
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ANSVJSRS TO SELF-TESt ' 
1# A fraction is gart of a whole. ' 

2, 7-- Numerator , Indicates how,aBn3r parts of the whole are being 
considered, ^ 

8— Denominator, InjJicates how many equal tsarts the whole has been 
divided into. 



3. a, P b, I c, U d. I e. M f, I g. p. h, ?■' i, M j, P 

4. a,3i b,.l^ c,i|- d,l^ e, 4 



15 



5. a,f b,i c.i d,f e,f f.i 

6. a. 1 b. ^ c. 1 1 dA e.l4 f.'Al 4 



7. a. i-b. 65i c. 4| d. 2 



8. a. 2 b.. 3 ^ c. 



.1 ^-if' 



1^ 



J 



) 
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N • • • INSTRUCTION^ 

This 'i^ not a test. This is a learning situation. In this ProCTammed 
Lesson on fractions, you will be learning at your own speed. 

■ . 'f . 

Two types of progi^naning are used in this lesson; ^ - ' 

UNEAR— In this portion, you will ^co from "frame" to "frame" 
using a provided cardboard to cover upcioming frames and answers, 
in each fl-ane,you are given information and then a question to 

^ft^''^°l^^ *° '^o'^^ '^s"er can be checked to the ^ 

left of the next frame. "Peeking" is not art advantage. If you 
make an error, strike out your incorrect. answer , reread thfe frame 
and write the correct answer. ' * 



a. 



b. 



SCRAMBLE-, In this portion, you will be given oroblems to solve 
and asked to select the answer from a list of ansvfers. Circle 
the answer you choose and go to the page as ygur answer directs. 
Follow directipns closely. If you select an incorrect answer do 
not erase, but put a "X" through the circU. Rework the problem 
again and circle another answer. 

SST>^?i«J'^'^^^°^ CAREFULLY. BE SURE YOU UNDERSTAfC) mT IS SAId" 
in tne program for review at any time. ^ 



4. Turn to p^e iiifor the objectives. 



11 
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FRACTIONS ^ I 

OBJECTIVES . ' ^ 

1* Define a fraction. 

' 2* Identify the two t^rts of a given fractipn and explain what each . 
part shows. 

3* .Identify proper fractions, improper fractions, and ndxed numbers^ 
"from a given list. 

Change a given list of improper fractions to mixed numbers and 
mixed numbers to improper fractions, ' ^ 

5* Reduce a list of fractions to their lowest tenw. 

»■ • 

• 6. Solve problems in .addition and subtraction of fractions. An.swers 
must be in lowest terms. 

7#- Solve problems in mdltiplication of fractions, cancelling wherp 
applicable. - Answers must ^e in lowest terms. 

^ 8. Solve problems in (^jision of fractions cancelling where applicable 
Answers must b^ in "lowest^ terms. 



NAME. 



CLASS ■ \ 

START THE PROGRAM ON PAGE 1. 

SUGGISSTED RiSADING TIME IOOmINUTES 



iii 



3J. 



5 

f 

i 

i 

I 

* I 

7 

\ 
I 

i 

2 

; 

\ 

I 
\ 

!< 
/ 

% 


i 

• 


1. A traction is a part, of a ^Aole. ^ ia 9, fraction 
and therefore is a part of a 

i 


whole 


2, Part of a whole is the deflnitiooa.of a ' 


fraction 


f 3# Bie' definition of a fraction is stated as: 

of a 

' '-^ 


part 


if# Define a firaction# ' . 

^ I 


pairt of \ 
whole 


5; Fractions have two parts— a numerator (above the 
line) and a denondhator (below the line), 

ExanqxLe: | -numerator ■ 
o -^enomnator 

In the fraction ^^,the number 3 below the line is" 
the 'and the mimhrni. 9 fl>v%tr-^ +1,-^ f^^-. ' 
is the • ' ^ . 


Idenoadixator 
Jniimerator 

i . 

1 • - 

•i ♦ 

i 


All fractions have dencininators and numerators. 
t 

In the fractions | and ^jithe 3 and 12 are ' 
and the 2 and 11 a-ta 

^ 1 



TorSTnul^^^ag^^ 
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Pfcgt 2 - 

WSrong! 12 x 3- « 36,but you must now do st^p 2# Add this product (36) 
to 'the xxtsaeitttori retain the deaoodxiator to get' the ioQxroper fi*actio8x«. 
<3o back to page p.. Frame 29/ and select another answ#' 



Hope! Tou will still have to'^o to lo>Jcr terms, Tou reduced by 
dividing tvio into the nuznprator and denominator but you must now find^ 
a number to further refiuce ^ and then you'll have it. Return to page' 
l6kp select the other answer, and continue. 



2C 
2 

^ is the correct answer. 

Now try another J)rohlem, 2*2 

8 3 



-V 



If yotzr answer is: Go to page: ^ 

4 or it , ' ' 26B 



•1? 



^ 28B 



o - 31-1 



denominators 



• numerators 



10 



7# The denonlnator tells h<5vr naaiy eqixal parts the^ 
' whole has been divided irito. In the fraction 
the denoiidnktor indicates the whole has been* 
divided into equal x)art«. 



8, 



Under the f igwes belov/, write the nunber that 
WDUld be used as the denoninator of a fraction. 



® 0 ^ , 

-b. c. d, ^ 



a. 



a. 4 

b. 2 

c. 3 

d. 4 



9. In the fraction below, circle the denoninator and 
explain vhat it indicates. 



16 denoninator 



Tells -(indi- 
cates) how many 
|- parts -Che whole 
has -been divid- 
ed into* ' 



— \ ^-^-T 

10. The numerator (number above the line) of a "fraction 

shows "how many parts of the whole are being 

considered." In the^ftaction |, thi? numerator ^ 

indicates that ^ parts, of the whole are beiiig 

considered and^the denominitor indicates that the 



whole has divided into 



equal .parts. 



2 
3 



) 



11. 



In the fraction ^»thd number' of paHs being 
considered is ■ . ■ and the part of. the fraction ^ 
that tolls us this fs^ called the . ' , 



f 



Pago 4 . . . V 

.; , . •• V •• 

\froog! Multiplication and addition are correct .but you must place 
this sum over the denominator of the fraction. Return to page H, 
i^ra3^29^aAd-*'selec^ another answe;r* 



Right! Now try this* Reduce to ,its lowest term. 

If jour answ^ . ^ Go to page: 

28 ■ * . 



-^ol 7ovt>forgot to j?btaln' the r^^clprocal of the divisor 
(invert the divisor), before you multiplied. Go 'back to 
page 27, frame 57j review" the procedure again, then rework 
the problem from frame 59 again and select the corre,ct 
'answer. , ' " , * 
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12, Oie number of parts being considered is indicated 
^ ' of a l^raction, 

13. Under the figures below, wdte the fractions. 
The nunber of parts being considered are shaded. 






9 



a. 



U# In the fraction below, write what each number is 
called and whit it indicates: >j 



6 ~ 



7 ~ 



6 numerator^ 

Indicates how 
nany parts of 
the whole aire 
beiiig consid- 
ered 

7 denominator • 
Indicates how nany 
equal jikrts the 
whole has been 
divided into. 



15 • There are three types of conmon fractions — 
proper, improper, and ndxed ntunbers^ The three 
types of c^nK>n fractions' are nrbced numbers, 
. and fractions. 



proper 
improper 
(either order)* 



16. 



Tae difference betv/een proper and icgjroper fractions 
is the size of the numerator. The numerator of an 
improper fraction is alvays the same as or Jarger 
than th^ denoninatorj therefore, in ^a proper frac- 
tion, the numerator is than' the 

denomintiLor. ■ ' • " ' , . ' 



Continue to page 1 
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Page 6 



(A 

Correct. Now change 15 J to an improper fraction. 
If joyjT answer is: 



26 
5 

71 
5 



Go to page: 

r 

8k 
lOA 



6B 

Goodi You might have started with dividing by two (2)" and "doing 
several stips,but iU ^vides into 14 and 56 evenly. To reduce an 
^ji^jTOper fraction such as ^ or |> you simply divide the d^ominator 
into the numeratdr. Reduce ^ to its lowest terms. 



If your ansvrer is: 

> 1 

4 



' Gp to page: 

\ lOB 
12B 
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1 

1 

i 
1 

j 

^! 

i 


gmallar 
i (less than) 


1 7 1 

17# ^ is a proper fraction because the 1 

is than the denominator. . 1 


• 

numerator 
scalier (less) 


18. J and ^ are improper fractions because the 1 




than the danomirxators. ^ J 


numerators 

are same as or 
greater (are 
the same as or 
larger) ^ 

— ■■ 


19* In the list bfelow, place a "P" by the proper . | 

fractions and "I" by the improper fractions. j 

' a 12 ^ ^4 -I 
17 ^ J 


a. P c. "P 

b. I d. I 


20. A mixed number is a v;hole number combined :ri,th ! 
a proper fraction. /3 1* is a whole number (3) and | 
a proper fraction therefore^ 3 7 " ^ ' 1 


\ 

: 

j 
t 

i 
1 

j 

I 

ii 

p. 
{ 

i. 


mixed number 


21. To j^eview definitions, match the following types of j 
fractions vath *the correct statement or statements 1 
by writiiig the letter of the statement by Idle* | 
number of the fraction. All letters are to be used. | 

1. Proper firaction ' A. Numerator greater 1 

than the denominator 1 

2. liixed number * 1 

^ B. Niamerator less than j 
3* Improper fraction the denomi^|j^r | 

C. V/hole number ard a ' | 
proper fraction 1 

' D. Numerator eaual to 1 

denominator ^ - 1 



Continue to pa^^ ^ 
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flight:' 2| is fcorrect. You can check your answers by changiAg the 
improper fra^jfeion back to tKe mixed number, Cl5ang;e 7 i to an ^ 
• improper ijraction and check your answer. 



„ 1 = ^ 

' 4 (improper fraction) "(mixed number). 



Go %d pa^e 13, Frame 3P,to check ansv/er and continue froai there. 



8B 



You reduced — but not to the lov/est terns. Return to rage 4B and 
find the number that will reduce the ^ and then you'll have the 
x:orrect answer that vrill allow you to continue. 
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3. 1. 
SD,A 3. 



22, In, the list below, place ai "P" by the proper 

fractioiis, an "I" by the iappoper fractions, and* , 
a the mixed miabers^ 



-I. 

c. 12 I 
3 



e 

29 



22 
75 



a. i: e, P 

|b. I f , I 

c. I-: g. I 

d. P 



1 



23. An inproper fraction can be changed to a ndxed 
number by dividing the denominator into the 
ninierator* The f araction ^ can be changed to a 



mixed number by dividing* the numerator 

by the- denominator • 

(number) " ^ 



(niamber) 



21 
10 



24# To change the improper fraction ^ to a mixed 

number, follo\/ t^vo steps: (1) Divide tEs numerator 

by the denominator to-.get the v/hole ntcaber: 

2 the whol^ number 

io/Sl 

1 the remainder 
(2) Place the remainder over the denominator to 
Zet the proper fraction: ^ the proper fraction* ► 



Then 



23_ 



(mi::ed number) 



10 



25 • IIov change the Improper fraction ~ to a mi::ed 

5 t 



number* Siiow your v;ork. /" 



(nixed number) 



Continue to pa je 11 
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WronR! YotTT orgot ' to add the nujncrator to the product of the irhole number 






times the denominator. If .you now see your errtor^ *;o back to page 6A and 






select the other answer and follow directions. If you need the rule again. 


\ 




return to page 11 ^ Frame 28^ and start again fjrom there. 1 

• 

/ 


• 

* 


• 


* 

lOB 






No... To redxxce an improper fraction, you simply change it to a whole 












the numerator by the denominator. Now go back to page 6B and reduce 






properly. <? 












IOC . - 






Negative. Tou have simply added numerators, retained highest denominator. 






and reduced. You must change to equivalent fractions. Re-read r^e on 






page 17, Frame W,and rework problem from page 19, Frame U^, again. 

\ . ■ ■ ■ ■ 


1 

1 




32x 









/ ■ ' ' . Base 11 

" 



15/2! 

i ^ - 

, 1 

\ 

1 (laixed number) 


26. Try knother^ phange ^ to a Mixed number. 

* 

i 


i 4 ^ you 
j missed this one^ 
1 re-read and re- 
• work Frames 22 
; thru 26/ then 
; continue. 

% 

i V 


27« An jjnproper fraction can be changed to a mijced 
number. So can a mixed number be chan^ced to an 

improper fraction. Therefore, an imnroner 

/ 

fraction is interchangeable vdth a | 
number • 


j 

1 mixed 

\ 
1 

! — 


28« Changing mixed numbers to improper fractions 
requires three steps; ExanqxLe: Change 4 1" to an 
improper fraction. 
Step 

(1) Multiply the vhole number by the denominator 
of the fraction. 4 x 5 - 20 

(2) Add the product to the numerator. 20 + 3 » 23* 

(3 ) Place the sum over the denominator of the 

V 

fiaction. 

Thm 4 - ' ' 
^ (improper fraction) 


1 ^ 

1 ■ ' 

i 


29« Change 12 S to an ijiqjiroper fraction. 

• 

If your answer is: ' Go to page: 

3 2k 
s 2 U 

3 (A 
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l^age 12 * . 

Ho! can be reduced to i by dividin/; two (2) into both the nuneratcr 
and denominator^ Remember "dhe rule, a fraction is iji its lowest terns 
only when the number one (1) is the only number that divides evenly into 

A 

both the numerator and denominator. Return to page 13, Frame 3i,and select 
the correct ansv/er. 



12B' . - , . • ' ' 

1 ^ is correct. If we ask you to reduce the fraction p would you answer 
2? You would have been correct there, too. Nov/ turn to top of^page 15, 
Frame 32^ and continue the program. \ ^ 



12C ' ^ 

;to. You^ve added numerators but have not changed fractions to 

equivalent fractions . Read ^rule again on page 17, Frame 40, then 



rework problem on page 19, Frame 43« Select another answer. 



323 



Page 13 



If you came to this page directly from the previous page^you have not 
followed the directioxis given in the previous frame ♦ From this point 
(unlecs othervdse directed) ia the lesson,yoti will proceed by the ' ^ 
scrambled method. Do Not read the frames in sequence, but after 
selecting an answer, refer to the proper page frame as jiireclled* 
Return to page 11, Frame 29, check your answer, and refer to the page 
as d;Lrected. 



7I 22 
^ 4 



30; Change each, of the following; improper fractions to 
mixed niaabers and' the mixed numbers to iansroper 
fractions: 



a. if 



<=. log 

d -. il 



a. 



2^ 
8 

121 
12 

16 J 



b. 



c. 



31. A fraction is in its lo;\rest terns vjJien the nunber 
one (1) is the only number that divides evenly into 
both the numerator and denominator. (NOTeI: fl^ivid- 
ing both the numerator and denominator by^ the same 
number does not change the yalue of the" frac'|iio(n) 
Select the fraction below that is in its lov/isst 



terms. 



xf your ansiifer is: 
2 

4 - 

6 

' 1 

7 



Gp to page: 

12A 
IMA. 

16a- ' 



ERIC 



324 



Page lU 



Vft^ng! ^ can be further reduced* Uiree (3) is the largest number that 

divides evenly inta both the nunerator (6) and the denominator (9). ^> 

2 

then, reduced to lowest possible terms, is j. Now return to page 13, 
Frame 31^and select the correct ansvrer# 



lis 



Right! 1 ~ is the correct answer^ Try anothej/, reduce to lovmst terms < 



Addi+i-f^+l = 
2 2 5 20 



If your answer is; 

10 
^ 20 



Go to page: 
18B 

20B 



] 
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Bage 15 



You came f roa 
page 12B. 


32« Reduce each of the following fractions to lowe^ 

termss v 1 

12 6L / 


1 a, 3 or ^ 

i 


33 • To add at subtract fractions, they toxst be like 
fractions^ Like fractions have the sane number 
for a dwominator* 12 12 32" "* ^ 
are like fractions because they have the same 
number for a 


denominator 


34« Fractions must^ have like (common) denominators ^ 
befcre 3rou can ' or them, 




add 

subtract 
(any order) 


— ~ — i 

35* Vflien fractions, have comiaon denominators, you add 1 
or subtract numerators and retain the common 
denominator* 

Example: ]2 ^ reduced = 1 
Ihen ^ - « reduced = 


2 , 
12 

1 


36« Before fractions with unlike denominators can be 
^ added <r subtracted, they must be changed to - 
their lowest common denominator (LCD)* LCD is 
the lowest number that. is divisible by each 
denominator • Example: | + ~ or j - ~ 
The lowest number divisible, by each denominator is 
20; therefore, 20 is the • . 



ConWiiu^^ag^Ty 



32G ' 



1 



Page 16 



16A 

* is correct. One (l) is the only nmnber that divid^ eretiay into both 

3 and ?♦ ' ' ^ ' . 

Lets try a larger fraction. Reduce ^ to its lowest terms. 
If yoaxr a^sw&r is: Go to page^ 

27 2B 

9 /iB 



16B 

No, Not quite, roux addition is .correct but you must have overlooked 
^ ftioi "reduce answers to lowest terns," Go back to page '19, Frame 43, 
reduce^and pick the correct answer. 



16c 

is wrongs You borrowed one (1) from l6,which gave you the fraction 
^,but now you must add ^ + ~, then do jrour subtraction. Return to 
page rework the problem, and select another answer. 



least or 
lowest conmon 
denocdnator 



Page 17 




37. Again, the lowest number divisible by each denom- 
. inator fractions to/oe added or subtracted is 
called the ' 




38. Determine the -lowest common denq^Sator /LCD) for 



these Ji?eCctions: ^ + i ' the LCD is . . 



2 

2 1 



I . -i , the LCd is ^ 



39- Find the LCD for the fractions belcrw: 



b. ^'-^r the LCD is 



After the LCD has been determined, change aU 
fractions to equivalent fl^^ctions of the same 
^ denomioatar j then add or subtract; ^^bcaii5>2e : 
" f 2^ the LCD is 42. To change | 




42: Divide 7 into 42j the quotient is 6' 

\ " ^' — 

Multijxty 6 by the numerator 2 and place th3 prod- 
uct- (12) ovter the LCD. § » ~. Now we can 

. 7 ; 42 

Change the fruitions below so th^ have the 
sa^ LCD. • y ^ ' \ % 



/3^ = 



Contiiiu^^^^g^T? 

s 



1 
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J. 



V Page 18 



Tou hare the eorrtet fjractioQ but inade e mistake in the addition of 
'irfioXe numbers* Now re<9ini to page 22B \fctk the. problem again* 
Do not jixst pick the other answer withoxxt first re-working the 
problem to find your error* 



18B 



Jjxcorr^* You've oade a mistake someplace in changing fractions 
tor equiialmt ftractidni^f the sanie denoodnator* Rettom to page 

Frame Ifi, re-re&d the rule, then go back to page 14B and choose 
the other answer* 



X8C 



i la'wrorjig. You dld-not obtain tho reciprocal of tho- divisor, 

•!> invortod la 4 and tho reciprocal of- 2 is also 3 , 
3 2 , "J 2 

* 

ao back to f>age 2C, rework tho problem, and select the 



correct answer* 



ERIC 
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Page 19 



1 i 



12 12 U 
* 15 25. 



Al. • Find the LCD and chaiige the JJractions below-to 
equivalent fractions.** 



b. it.i = 

5 8 



• 81 ^ 81 ^ 81 
b. 22. 21 

• 40 40 



64 reduced 
81 



42. The rule again' for adding and svibtracting frac- I 
tions. {ij Change fracti!bns to comon denominatorql 

^ (2) Add or subtract numerators, (3) Ke«p connaon 
denominator, (4) Rediice answers to lowest tenns^ 
At your left and below are the LCD problems from 
the last frame. ^omjxLete the problems. 



a. J. 
• 81 81 

40 40 



2k 
81 



a^educed 



reduced 



43. 



7 reduced 
40 

40 



Does it all come back to youliow? Soxve this 
problem and reduce answer to lowest terms^ 



4+6 +^ 

28 7 14 



your answer is: 


Go to page: 




14B 


1-^ 




28 


16B 


12 


12c 


28 


2 

7 


IOC 



^ You caE8 from 
~ page .34A. 



; 44. 



o, J. 



8> 



1 

4 



/-nen multiplying two or more fractions^ multiply 
jiUiDsratOL^s of ^e fractions vo obtain aumeratir 
cf the producw. To obtain, the numerator of the 
product ir. tne problcA ^ x ^,multiply 

(number) 



(rjuiaber)' 



"COTtSu^to^tge^ 
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Bage 20 



2QA 

Very good* V/ork the foUov/ing problem by subtracting ndxed nunbers* 

g. g 

Reduce asiswer to lowest temu 16 - 15 j = 



If your answer is: 
15 

15 

can't b« solved 



Go to page: 
22A. 

16C 
26c 



20B 

Good, 1 ^ is correct, »Now try one on subtraction and reduce ans^-rer 
ta lowest terms, " 39 ~ • 



If your answer is: 



Go to page: 
22B 
32A 



T 



20c . ^ 

No* 6 1^ is incorreqt* Again you forgot to invert the divisor. The 

1 ' 7 6 

divisor 1 ^ is changed to and inverted is Now go back to page 

28B and select ar^^ther answer* 



/ 
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45 • Like the numerator^ the denomina 
is obtained hy imiltiplyiiig the den 




Page 21 

the product 
tors of the 



• fractions ♦ In the problem y^^* numerator 
of the product is^ obtained by nulti'plying 

txmes * and the denom- 

*"inatcr is obtained by multiplying 

tijaes 



2x4 
b X 5 



46. The rule, then, for multiplying fractions is • 

"I'fultiply numerators , of the fractions to obtain 

the of the product and multiply the 

denominators to obtain the of the 

product." Solve this problem: 
Ix^ = 



numerator 
denominator 

•15 



47. The word "of" is sometimes used in plac^ of tte 
multiplication sign "x". f cf 25 = 10 can be 
written as ^ x 1^ 22 = lo» Splve this problem 
and reduce: ^ of 40 = reduced . 

O " ' 



i 



2C0 
8 

reduced = 25 



4S^ J[f the problesa contains more tTan tv;o fractions^ 

f 

multiply all the numerators arri multiply all the 

denominators . Example : ^ 
2 12 14 1 



Solve this problem: 
5 7 2 



Reduced = 



Continue to page 23 
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/ 

I^e 22 



22A. 

Tou»v« forgott«ft the rule on borrooiing, l6 ~ = ~ ^5 ^ 

. 15 2 « 15 -2 = 15 -2 

^5 ^15 15 

Tou cannot subtract ^ from so you have to borrow a whole number 
(!)• 1 = j|7>rtiich you now add to the Don't forget now that you 
borrowed a whole number from 16# Go back to page 20A« Re-work the 
problem and select the correct answer. 



22B - 

Good.* Now for the rule for adding and subtracting ndbced nuabws* 
1, Change fractions to like fractions (LCi;*), 2. Add/subtract the 
fractions. 3. Add/sxibtract the whole numbers. 4« Reduce answers to 
lowest terms, acanqjle: 1 3 3 ^ aad 7 2 ~ ^ ? * 



3 12 
22 ^ 12 



4^=4 +l-2=5i 
^12 12 4 



7|-7lO 



Now aad these fractions 



If your ansvmr is: 



: 7^+6=1 + 



18 Z 



Go to page: 
18A 
20A 
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i 12 
|_70 . 

1 reduced = 


•49. "Cancellationf'is a "short cut" used in .multiplying 1 
fractions. The short cut in multiplying fractions { 
is called . . • I 


cancellation 


, 50, Cancellation is much the same as reducing. The 1 
first step is to select a nuoerator and denominator! 
that can be divided evenly 1^ the same number* The! 
problem ]]o f ^ 10 ^® .reduced ^o;^ ^ | ^ ^ j 
The next step is to multiply the numerators and the! 

denominators i x i x £ = ^ reduced is ^ . Solve 1 
5 1 5 25 25 1 
the problem below by cancellation^ Show work. 1 

. - ^x^xi= ' I 
Q 1 5 • - 1 


1 1 

? 7 ^ U 

2 1 

j V 


51. Vihen you use the cancellation method, the basic 1 
' principle is: Dividing both the numerator and the 1 
denominator by the same number does not change the J 
value of a fraction. The value of a fraction is 1 
not'changed when the ' and the | 
■ by the same number. 


1 numeratcr 

i denominator 
1 (either order) 

1 divided 

1 • ■' 
1 


52. In the problem j| x ^» the 2 axxi 8 can '6e cancelled 
by dividing each' by and the ^ and t; 
cancelled by dividing each by . The 
answer to the problem, then, is 



Continue to page 25 
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b. 3|-2i- 

Go to page 19, Frame* A4, to check answers and continue from there. 



24A 



Very good« The idea hare to see if you remeoiber how to borrow* 
Solve the addition and subtraction problems below. .Answers must be 
in lowest terms • * <^ 



• a 7 3 



2{|B 



5 is the correct answer, ttj one more. 
If your answer is: 

21 

7 



Go to page; 
29B 

30A 

2BK 
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Page 25 



2 

' 3 

1 
20 


53. In the probloai ^ ^ x the 10 and 50 are 
cancelled dividing each by ; the 
13 and 26 are cancelled by dividing each by 

: and ^ can be reduced to • 
^ Now solve the problem, showing your cancellations 

13 50"" a:^ ^ ' 


19; 13; j ^ 

12 1 

15 3 
2 

ans. j| 


54« Solve the foUovdng problems, using cancellation 
v^ere applicable* Reduce answers to lowest tezms* 

12 6 8 
^- 1?^24=^10 = 


< 

V 


55 In order to mul^^iply fractions and nixed numbers, 
the mixed numbers must be changed to in^^roper 
fractions « 

'Exaii^aer 2 ^ x*^x 1 J will be changed to 

1 1 

5, X / X if = 1 redt;gLed is 1 1 
2 J t k 4 

2 1 

Solve the following problems, using cancellation 
where. applicable^ and reduce answers to lov/est ' 
termsa 

a. 3ix5|x5| = 

b. 4|x3^x2| = 

c« 2. of 80 = 

4 



Continue to page 27 
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Page 26 



2(A 



35 ,L * 

jllot quita» ^ pS' ^ improper fraction and for the answer to be conqxtotely 
j correct (lowest^ |b^rns),you laust now change your answer to a mixed number • 
|Betum to pagel28B, recheck your vfoiic,and reduce answer to lowest terms* 



I26B 

r ^\ 

4 or 4 is incorrect. Yoii obtained the reciprocal of the 

1 - * 

•iividsnd. You're to obtain the reciprocal of the divisor 

s 

and Chen proceed as in multiplication. Now go to page 2C, 
rework the problem, and select the correct answer. 



26c 

lYou've forgotten the nile on borrowing. True,you can't subtract 15 y| 

from 16 ~ unless you borrow* iihy not take one (1) from l6 and add the 

I 15 8 V * 

fraction ^ to ~? Nov/ you can subtract, but don't forget the one (l) 

jyou borroT/ed. Go back to page 20A, rev«)rk the problem^ and select another 
[answer* 



33; 



Page 27 



■0.33 I . 
0. 60 


56. Solve the porobleris below, cancellins vrfiere 

applicable, and reduce poiswers to lov/est teres, 

a. 1 of 2 1 = 

' • > 0 

b. 3|x2ixf = 

c. ^ of 24 = 

•* 


i 

la. 1^ 

40. 

i b. 5 1 
4* 

s 

!C. 4 

i 

d. 10 ^ 

8 


57# Dividing conmon fractions req.uire8 two-steps: 

ExMiple; ^ t 
Dividend ' Divisor 

(1) Obtain reciprocal of divisor _ ^ 
(invert divisor) 1 

(2) Multiply the dividend by the . 
reciprocal of the divisor 2^3-6 

- - 7 ^ T**?' 

Then 2 • 1- ' 

1 ^ • ' * 


6 

• - 


58. Fill in the steps to find | f ^* 

(1) . Obtain reciprocal of divisor 

(invert the divisor)* 

(2) ^lultiply the dividend by the ^ 
reciprocal of the divisor. ^ 

Th«i f T 1 


k 
3 • 

|9 ^ 3 

; 

\ 

3 


59# Solve this ]5robleni: Jo 4 

If .your answer is: Go to page: 
f 20 

40 4C. 

30 



4 
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Page 28 



28A i , 
13 

is una^cceptable, because answers will always be redxwed to their 
lowest terns. Ret\im to page 2UB and select the correct answer that 
is in its 'lovrest tenas. 



28B 

ijT ip correct. 

Dividing with mixed ntanbers requires three steps; (1) Change. the mixed 
jnumber or mixed numbers to ijiqjroper fractions. (2) Obtain the recip- 
ro{|al of the divisor (Invert divisor). (3)' j.iultlply the 
L-?^idend by the reciprocal of the divisor. 
Try this problem: 5 | 4- 1 i = 



\lf your answer is: 

22. 

7 



Go to page: 
20C 



33J 



Page 



29A . ■ , 

Not quite right. You must not have cancelled the 3' s after 
obtaining the' risciprocal of the divisor and foa haven't 
reduced to the lowest' terms. Go back to 'page 27, frame 59, 
and correct your mistake. Then select the corred-t answer. 



29B 

1 ^ is correct. Divide the folloisdng fractions and reduce answers to 
lo\*est. terms t ^ 



a, 1^1^ 
8 4 

b, 22 A 6 1 = 

8 

c, 2|f4| = 



d. 



21 



i • 3 2 = 



go' to PAGJ; 30B to check your MB'uJSS, 



ERIC 
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Page 30 



30k 



No! Does it sound reasox]aU.e.that 3 is contained in % 
16. iand ^ times ? Yoxx forgot to obtain the reciprocal of the 
divisor before you multiplied. Go bapk to page 24B, invert 
the divisor, miltiply, and then select the correct ansWer. 



30B 

Answers from page 29B: f ^* 3 j , c. ^ d. ^ 

If you had any answsrs other than those above.you most rewrk the problem(s 
on page 29B* IJhen you've gotten all correct, . solve these problemsi 

a. 5|f <1= • . ' 

3 9 

b. 5.fx2i-3t4| = 

•5 4 3 
• • 



8 



2 4 



GO TO PAGE 32A TO CHECK YOUR ANSI-MS. 



ERIC 
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32A 

Ansvws from page 30Bi 

i ^- 56 5^ c. 39 g d. 1 
If you ndssed any problem^you nast rework and recheck* After all 
problems are correct^ read the rules again that/are on the page a 
],l3ted below and -then go to page 32B» 



Problem: 

a« (division) ^ 

b* (multiplication) 

c« (addition) 

d« (subtraction and^ 
1 borro>ring) 

After you've read the rules again, go to page 32B« 



Go to page: 
28B 

25/ frame 55 
22B 

22k 
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X^u have completed ths Pr6grammed Lesson on fractions • For aome^ the' 
program vjas just a review; for others, it has been a process of 
learning. 



i\ SI2LF-TKiT ON mCTIOIIG COlCaiCfS ON PAGE 33. 
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SELF-TEST 0)f FRACTIONS 
1. Write the definition of a fj»ction. 



2. Identify the tvo parts of the fraction J and explain what eact part 
sho;ys, ° 



7— 



8— 



3. Identify the proper fractions, the improper fractions, and the nixed 
numbers in the folloivin<3 lift by placin;? a "P" by the procer fractions, 
an "I" by the inqjroper fractions, and a by the mixed numbey. 



a. 




U f \ f 200 



b. ii ^10 



4# Change the nixed numbers to improper fractions and the improper 
'fractions to mixed numbers • 

■^3 ' • 15 



Continue to page 34 
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5. Reduce the following fractions to their lotvest terms; 



&• 


18 
81 


d. 


1 

7 


b. 


JL 
12 


e. 


Ik 
21 


c« 


21 


f. 


16 

3: 



6; Solve the follovdng ADDITION and SUBmCTION problems. Reduce 
answers to lowest tenns. 



a. 2^2 



b. i-^ 
• 7 3 



- hi 



.7. IfiJltiply the follxjwlng fractions, cancelling where appUcable. 
Reduce ansxfers to lowest tenna, 7 

c. ix5i 
.^d. I of 16 

1 8. Divide the follxxning fractions, cancelling where applicable. Reduce 
answers to lowest terms. 



Answers to Self-Test on 
jaage i in front of text 
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DEQIMALS 


i. 


A decimal is a nximber that represents a fraction \r±th a dencxai- 




nator that 


is a power of ten. 


2. 


a* 


(30.04 thirty and four hundredths) 




b. 


(.379 three hundred seventy- nihe thousandths) 




c« 


(1.46 one and forty- six hxmdredths) 




d. 


(90.001 


ninety ^md one thousandths) 


3. 


a. 


9.75 


b. L2.3 c. 7.123 d. .0073 


4. 


a. 


.3 


b. .8- c. .75 d. 2.5 


- 5. 


a. 


1 ~ 
4 


b. 2 c. 21 d. 2 

10 200 20 


6. 


a« 


.6 


b. 13.85 c. .057 d. 1.6001 


7. 


a. 


25.886* 


b. 180.553 c. 19.3925 


8. 


a. 


10.18 


b. .6298 c. 446.37 ^ 


9. 


a. 


.3093 


b. .00284 c. .32012 


IP. 

0 

t 


a. 

1 


20 


c 

b. .001 c. .5 

* 

I 
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INSTRUCTIONS 
DECIMALS 



This is a programmed lesson on DECIMALS, It is not a test as one 
ni^t think, but .an easy way to learn at your own rate of speed • 
The two types" of prograjiining used in this lesson are: 
• a. Linear--- Infoiinition, in siaall amounts, will be presented in- 

sequence. You will advance from frame to frame, using a provided 
cardboard to cover upcoming frames. Do not look ahead at answers, 
IF YOU MAKE AN ERI^R, sto'ike out the incorrect answer and correct 
it, . " - 

b. Branching-- The information given in thpse frames will be greater 
and you will be given a list of possible answers. Directions to 
turn to a page for each ansv/er will be found next to the answers, 
FOLLOW THESE DIJlECTIONS, Circle the answer you think is correct. 
If you have selected an incorrect answer, put an X throtigh the 
incorrect response and circle another answer, 
READ ALL li^TORI-IATION CAREFULLY, Be sure you understand what is said . 
before you attempt an answer. 

If you wish, you may turn back to any part of the program to clarify 
some vague poiat, 

/Jhile working problems in the program, if you are instructed to 
SH0V7 ALL VWRK,^ you must work in the program. Othexvise^you may do 
the work EITHER on scratch paper or in the program. 



11 
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Continue to page iii 
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1}ECIMALS 

OBJECTIVES: 

!♦ V/rite^in his own words, the definition of a decijaal. 

2. Demonstrate ability to read decimals by matching numerical 
decimals vdth the appropriate word decimals. 

3. ^M'rite the nmerical form of given word decigials. 

4. Change given fractions to decimals. 

5« Change given decicals to fractions. Rediice the fractions to 
lowest terms. 

6. Round pff given deciooals. 

7. -Add given decimals.. 

8. Subtract given decimals. 

9. Lultiply given decimals. p 
10, Divide given decimals. 



S 'rr 



SUGGESTED HEADIIC TE-IE— 62 MINUTES 



J. 



CLASS, 



111 



Continue to page 1. 
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' 1« The definition of a deciioal is : A nionber that 
represents a fraction with a denominator that is 
a power of ten. The definition of decimal is: 

• 


1 a nuniber that 
1 represents a 
1 fraction with a 
j denominator that 
J is a pcwer of ten 


2. Being a power of ten sisq^ly means that jnou ca;n 

divide ten into the ntaober evenly. The fraction 

has a denominator of one hundred and^of coiirse> 

ten will divide evenly into it« V/e know that IlSSO 

is a power of • 
« 


10 or ten 


3« All decimals represent fraptions and in every case 
the denominator is a pcwer of ten« The decimal^ 
,1, represents the friction ^ • The denomdixator 
is a of • 


power 
ten 


4* The definition of a decimal is : A number that 



represents a fraction with a that is 

a of . ' 


denominator 

power 

ten 


4A« Key words often help you zmember hard to learn 
definitions • In the definition of DECIMAL, the 
woitis to remember as keys are: FRACTION, 
DENaffi^ATOR, and POWER OF TEN. , 
Write the key words that will help you remember 
the definition of decimal. 

« ' « and . 



1 Ckxitihue to page 2^ 



denominator 
power of ten 


A decimal is a nuirii^er that represents a 

with a * . _ that is 


fraction 
denominator 
a power of ten 


6* V/rite, in jrour own words, the definition of a decimal 

■ ^ ' ' 


a number that 
represents a 
fraction with 
a denominator 
that is a powr 
of ten (or a rea- 
sonable faetflmile) 

ientns nunareatr: 
The 3 is in the th 
plaee^and the 1 is 


7« Each digit in a decimal has a place value and is 
read in a certain way. The places are as follows: 

IS Thousandths Ten Thousandths Hundred Thousandths 
ousandths place, the 5 is in the hundred thousandths 
in the place. 


tenths 


As you parobably have noticed, the places to the 
ri^ht of the decimal point all end in "ths," In 
the decimal 2.46, the 6 is in the 
place. 


hundredths 
* 


9* A decimal is read like this: (Example) 
35 •362— "Thirty-five AND thr^ hundred 

sixty-two thousandTHS"^ 
The 2 in this decimal is in the 
place* 

V 



Continue to page 3* 



thousandths 


10. IVh'en there is a v/hole nuuber aiad 


a decimal, the 




' decimal 'point is read "AiJD". For example: 6j22 is 




read "six AI\ID. two hundredths"/ 




• 


when- there is only a deciraal (no 


whole' nuniber). 




it is re^d v/ithout using the word, "and". For 




example: .06 is read "six hundreths". 


• 


How would "thirty-three TH0USAi;i7IHS" be written 




as a decimal? • . 




.033 


11. RKIIEMBER— IrVhen you are reading decimals, the 




deciraal point is read "and" except when there 




is NO whole number. For example: 


.5 is read 




"five tenths". 3*22 is read "three AND twenty-two 




hundredths". 






Match the decimal in column A with the correct 




vrord decimal in^ column B^placing the cc^rrect 




letter by the word decimal. 






A 






a. 4#3 Six hundreds 




b. .006 Twenty-five and one 

hundredth 

c. 25.01 

Six hiuidredths 




Four and three tenths 




Twenty-five and one ^ 
tenth 


i 

1 


Six thousanc^ths^ 



Continue to page 5« 



Very good! You should be ready foJ: a laore difficult problem, so 
let's do this one: 



1^ 

Change ~ to a decimal « 



If your answer is: 

• OO52 

• 52 



Go to page: 
6A 
8B 



4B 



V/rongli You add only the number of zeros that there are digits 
on the decimal*^ There is only one digit in the decimal ,7, so there 
will be only one zero in the fraction* The decimal ,679 has three 
digits^ so the denominator will have three -zeros and loolj like : 



If yoiu: answer is: 
679/1000 
679/000 



Go to page: 
16A ^ 
80 ' . 



o 
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^12 



(four *and 
three tenths) 

b. .006 

(six thousand- 
ths) 

c. 25.01 
(twenty-five 
and one hun- 

-dredth) , ' 

w 


< 

12 • Now^ natch column A with colusin B in the same 
manner. 

A B 

. a. .25 Two hundredths 

b. .002 One and two hundred 

twenty-two thousandths 

c. 20.05 ^ 

Twenty-five hundredths 

d. 1.222 

/ Two thousandths 

Twenty and five 
hundredths 

Tv/enty-five hundred 

One and tv/o hundred 
twentjr-tw thousands 


a. .25 (tv/ent^r- 
1 five hun- 

1 ciredths') 

b. .002 (tvjD 
thousandths) 

c. 20.05 
(tv/enty and 
five hundred- 
ths) 

d. 1.222 (one 
ax\d t\fo hun- 
dred twenty 
tv/o thou- 
sandths'). 

jiiOT;-;: 

1 Ik: certain the 
iv/ord decip-al 
1 f^nds with "£hsl' 


13. 'when wi^iting a decimal, FIRST and HOST E^IPORTAIiT, 
^ detennine the "place" value (thousandths, tenths 
etc.). This vd.ll give you the nuiaber of dif^its 
you need to the right of the decinal point. For 
exanple: tv«nty-tv/o thousandths v;ill roouire, 
three dibits because it is^to the thousandths 
place. It v/ould be written: .022 
Five and five tenths v;ould be written: 5,5 
(liemember, with a whole number, the deciiiial point 
is read AIv-D.) * " 3 
How would twenty-five and four thousa:.dths be 
\n:iiten? 

V 



7 



$ Continue to page ?• 



35 1 



Ill- 



6B 



/ 3/4 is not correct; •75=3/4. Return to page 10 and woiic the 



6A 

Wrong* You set your cJLvision up incorrectly* The problem should have 
been set up like this: 23/12.000 

Return to page 4A and do the division again and place the decimal 



point in the .ri^t position j then select the ri^t answer and. /^oyto the 
page indicated* 




.problem again. Then select the correct answer and continue with the 
program. 



6C 

You have cdsplliced the decimal point'. The decimal point Ali/AYS 
froes to the extreme right of the dividend ♦ EXAI^PIE: /i2. not /1.2, 
from Return to page 8Bj rework the problem and continue with the 
program. 

1 ' ■ ' 



6D ' > 

Your division is right, but it is unnecessar7 to put the 0 at the end 

of the decimal. Turn to page 4A and continue the program. 



J5 
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25.004 



14. Thirteen and four tenths would appear as 13*4 
'Hix» and forty-four hundredths appear as: 




4- 



9*44 



15. ^our ten thousandths looks like 



.00C4 . 



16. Write the numerical form'Of twentV-nine thousandths. 




.029 



17! Write the numerical form of each of trf^ following 
word decimals, 

a. Sixty-five hundredths 

b. Sixty and nineiy-seven thousandths 



c. Three hundred and four tenths 



d. Sevexity-five ten tho\:isandths 



e. Fifty-eigjit and sixty-six hundredths 



f • Forty-nine thousandth 



Continue to page 9* 



is correct for the first step, but eadi fraction must be in its 
. lowest teims. 5 divides into 45 and 1000— thus it can be reduced. 
Go bank to page 16A and re4uce the fraction, choose the correct 
answei^and go to Jhe page indicated. 



as 

.52 Is correct. You have been changing proper fractions to decimals, 
so now let's change an IMPROPER FRACTION to a decijnal. It is done in 

the same mannerf but NOW the answer will iiiclude a whole number. 

3 ■ 1»5 
For example: ^ changed to a decimal is 2/3.0. . As you can see, an 

• ' 2_ 

1 0 

f . 1 0 

inqjroper fraction will become a vAole number and a decinal (1.5). 
12 

Change =yj to a. dedimal. 

If your answer Is: Go to page: 

.17 6C 
1.7 ISA 



8C • 

You haye the 3 zeros but \iiat happened to the 1? The decinal .679 
is read "six hmdred severity-alne thousandths]; so the denomijiator 
becomes 1000* Return to page and select the correct answer. 



8 



•65 

60.097 
300.j^ 

•0075 
e. 58.66 
!'• ^049 



IB. . All fractions can be changed to a decinal by 
dividing the nuperator by the denominator. * The 
decimal may be carj^d out as inany places as the 
problem indicates. Example: 2 *o a decijnal is 

8 

•875 

8/7^000e BROKEN INTO STEPS: 

a. Divide the numerator (7) by the 
V denominator (8). 

b. Place the decii.al point to the right 
of the numerator, 

c. Add zeros to tlie ri^ht of the decimal 
point as ne*eded. 

d. Place a decimal point in the quotient 
DIRiiCTLT over the decijnal point in 
the division bracket. 

. -e. Cany the quotient out as far as 
necessary. 



Change to a decimal, 
If your answer is: 
2.0 ' 

• 5 

5.0 



Go to page; 
16B 
4A 
18C 



If you are reading this paragraph, then you are not following directions.. 
From here on, you must follov." the directions given in each frajae 
VERY CAR£FUU-y. Itetum to the frame above and follow the directions 
given there. 



ANbVffiRS PIPAGE 1BA:_ a._.8 _ jd^ l.^ 

You have laamed how to chazige a fraction to a decimalj, so let's change 

a decijnal into a fraction^ The FIRST thing to do is to' make the digits 

of the deciiial the NUIffiRATOR OF THE FRACTICW. The denaninator of the 

fraction will have -a one (1) foULow^fd by the same number of zeros as 

there are digits in the decimal. For example, the decimal .27 becomes 
27 

the fraction ^qq* Notice how the digits 27 become the numerator and 
the denominator begins with a 1 and two zeros follow. There were tw? 
digits in the decimal, thus there are two zeros in the denominator. 
Change .7 to a fraction. . . 



If TOUT answer isj 

JL 

100 

JL 

10 
4 



Go to page:"^ 
4B 

16A 

« 

6B 
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Fiae. As you have done on thi^roblem, maOce sure that any fraction 
you are workins with is in its lowest tenns* Change the follovdug 
aecimals to fractions. Remember, REDUCE each to its lowest tenas. 
If you still are not certain of just how to change decimals to frac- 
tions, go back to page 10 and rapidly review. 
Change these to fractions: 

a. .7000— 

b. .009— 

c. .75— " 



d. .2— 



Txim to page 12 for answers. 



IIB 



You neglected the decimal point. You must place decinal points 
DIUECTLY UNDER EACH OTHER. Ths sum will have the decir/ial point 
carried right dov/n into it from hhe column being added. Return to 
page 17A and do the problem again. Rem^er to put ti;e decinal points 



■tinder each other. EXAl'lPIE; 



18.6 
.015 
2056«li 

2075.825 



11 
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36'J 



> 



ANSWERS TO PACE 1]LA: a.J2_ b._2 c. 2 

10 1000 4 

, Continue your jesson in frame 19 below. 



d. 1 

5 



round* off 



m 
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19. In many cases, a large cumbersome decimal is not 
necessary. In those cases \Aere a smaller decimal ' 
will do, you may ROUND OFF the decimal. To nsake 
a large decimal smaller and easier to use without 
losing a great deal of accuracy, you will 

. the large decimal. 



20. Rounding off involves THREE steps. The FIRST TWO 
are: 

^ a. Detemlne the PI^CE you want to roiind off to. 

(Tenths, hundredths, etc.) 

b. Look FIRST at the number (digit) DIRECTLT to 

the ri^t of that place. 

Example : ,176 * 

To round to hundredths:^ Fir^t look at the 

number to the rl^ht of 'the hundredths place. 

1 In this case, it is a 6, 

The. FIIl'^T number that you will look at when 

rounding .265 to TETJmS is , 

(number) 



\ 



12 



Continue to page 23. 



r 



21, You have the decimal .2736/^, and you vant to 
rouxid it off to tenths, iilhat ninaber would you 
look at first? (Circle your choice.) 



a. 
b. 



,2 
7 



c. 3 , 

d. 6 . 

e. 4 



22. ' The THIRD STEP is: 

K the number to the right of the place you are 

rounding off is 5 OR MORE, you ADD (+1) one to 

the place and drop the remainder of numbera. 

For example: .176 ^ 

This decimal rounded to tenths becomes .2 
because the number to the ri^t.^Qf^t)a*wtenths 
place (7) is 5 or greatier. Also note ohat the 
' 7 and 6 were dropped. 

Round .0074 to the nearest HUNDREDTH. (Circle your 

•answer. ) 

a. |.01 

b. .007 

c. .1 ' 

d. .08 



.01 



23. '.'/hen the number to the right is I£SS IHEN 5, y 
leave the place value as is and DBOP IHE miAUfDER 
OF THE liUI^BERS. 

■ Bound the decimal .78A8 to hiuid^f^ths. 

(Circle your answer.) 



a. .78 b. .79 



.785 d. .7800 



13 



Continue to page 14, 
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3ff 



.79 



.4 

.A08 
.4081 . 
,A0806 



( ■ 
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24. BEMENBER: 

a. FIRST, look at the number to the 
the pl|ce you aore rovinding off. 

b. If the number is 5 or more, add 1 to the p]ace 

c. If less then 5, do not add anything. 

d. Alwiys drop the remainder of difjits to the 
ri^t of the rounded- off place. 

'Rovind these decinials to the Indicated places: 

Tenths: .406062 

Hundredths: .408062 

Thousandths: .408062 



Ten Thousandths: .408062 



Hundred Thousandths: 408062 



25. .Round off the following decimals: 
To Himdredths: To Tenths: 



a.l3A5— 
.98509- 



.6419- 



To Ten Thousandths : 
.29826— 



1.11181— 



11; 



'363 



Continue to page 15 • 



Hundredths * 

41.11 
. .99 

- Tenths. 

Teii Thousandths 
.2983 
1.1118 

4 


26* .If you ^re flOT having troxible with rounding off, 
proceed to frame 27# If -you are and your trouble* 
is mainly khowing the "places", turn to ip^e 2, 
frame and review. If you do not understand 
how to round off, review or raise your hand for 
assistance* 

Vihen you have correcteo your trouble, continue 
to frame 27 • 

^ NO RESPOi'JSE rafgjIHED. * 


» 


27» Round off each of the following decimals to 
the indicated place. 

To the nearest tenth; To the nearest hundredth; 

a. .329— c. •10909— 

b. .05-^ d. 8.3434— 

>> 

To the nearest thousandth: 

e. .2551— 

f. 5.9738— 

To the nearest ten thousandth: 
7.777774— 

h. .000891— 

To the nearest hundred thousandth: « ' 

i. .0980653— 
.i. 3.000051— 

1 

Turn to page 17A for ansv/ers.^ 

« 



15 




16A 



Very good. The next thing to remember is: Make sure the fraction 
is in its lowest terms. For exan^jle^ changing- the deciml .5 to a 
fraction, it first beccoes la this in the lowest terns possible? 
Of cotir3e,the answer is no. In its lowest tenns,it would be 5 . 
Always chick the fWiction and be sure it is in its lowest tenns. 
Try this one now. Change IQ^^5 to a fraction. 



If your answer is: 



Go tp page: 
llA 



ICXX) 



In order to change a fraction to a decimal, you divide the nmerator 
by the denominator. lou did not do this. In the case of ^ , the 
denominator (2) is divided into the numerator (l) like this: 



X 

2 changed to a decimal is therefore .5 . ALL fractions are changed 
to decig^ls in the same manner. 
Change |; to a decimal. 



If your answer is: 
.750 
.75- 



Go to page: 
6D 

'aa 
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17A ■ ANSWERS TO PACE 15 FRAME 27: ' 
a. .3 b. .1 c. .11 d. .8.34 e. .'«55 f . 5.974 
g. 7.7778 h. .0009 i. .09807 3.OOOO5 

You vdll now leam the last four objectives— How to ADD, SUBTRACT, 
MULTIPLy^AND DIVIDJE decimals. Continue below. > 

*■ « #• ^ «• • • 

Adding decimals is uuch the sane as simple v/hole number addition. 
The Gifference is that there is a decimal point to keep in mind. 
The decimals are put in a column'anci decimal points are under decimal 
points (see example). The decimal -point is brought dovm EXAMPLE ; 
to the sua ana the addition is carried on just as it is in 
whole number addition. 



6.3 
. .01 
22.22 
28.53 



Add these decinals, 33.79 +.97 + 2.2 = 

If your ansvrer is : Go to page : 

36.96 19a 

f 

• 3498 1U3 



i« 17B 
Wix>ng. The number to the rL^t of the division sign is always the 

I 

I divisor. 

^ * .064 -^3.2 (3.2 is the divisor, not .O64.) 



Return to page 26 and select the correct' 



ansv/er. 



17 
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ISA . 

Right. If you want to review before you do *he problems below, 
return to page 9, frame IS, read the rules^ and then come back and solvp 
the problems. If you think you are ready now, then change each of the 
fractions below to decimals. 



a. ^ 

5 . 

b. i2 

10 

c. 2 

11 

d. l^l 
10 

Turn, to page 10 to cljeclc answers and continue from there,' 



18B 



No. Move the decint^ point in the dividend the same ntunber of places 
as you did in the divisor. Example: 3.2/.064 because 32./0,64 . 
Return to page 26 and select the correct; answer. 




You set Tip your problem incorrectly and had the decimal in the 
wrong^lace. This is vAiat you should have set up for your division: 

. Hetum to page 9, frame 18, and detennine the correct answer, 
to* the correct answer page. 



18 
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Right. The lain thing to reniember is to keep the deciiaal points . 
lined up under each other. Wow let's subtract decir,ials# The rules 
arc tl*e same as they are an the subtraction of yrtiole nupibers. Just 
as dn the addition of deciiaals, the deciraal points must be lined 
up \mder each other. You must also reiaember thalj*the smaller of 
the numbers must go under the larger . 

Solve this problem: 729.75308 -^.0077=* p 
If your answer is: • Go td page: 

729.75231 • 20B 

729,74538 ' 22 



19B 



Ait3;^RS TO PAGE 24A: a. 66.42 b. .825 If your answers are not 
correct> make the corrections and continue below. 

Now let^s Givide decimals. The most important factor is that the 

divisor must be "made" a whole number before division is started. 

This is done by moving the decinal in the divisor all the way to the 

right. 



Ex: .25/ becomes 25 • 



Then move the decimal in the 



dividend the same number of places to the ri^Jrfc^. Ex: .25/1.25 



becoHBs 25./I25. Move decimal point in the following 



division problem and solve. 



Turn to page 24B. 



19 
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20A - 

Rl^ht. REmiBEB: The divisor is" to the right of the division sign. 
Solve these proble??B and show your vrork . 

a. /^.9 + .007= b. ]179*I3.1- c. .02925 + 2.25= 

WORK' HEEE - - • 



b. 



c. 



• Go to page 23B for answers. 



203 



Remember lAen you were toU that decijaal points rnust go un^^er decimal 
points? Vell^ the error you jnade was because of the deciaal placenent. 
A good way to rewember the decimal points is put them on the paper 
first (in a column) and then put the numbers do;jn^ Also remember 
to put the decimal in the ans-.rer DIRECTLY under those in the. column. 
Go back to page 19A and do the problem again. 



20C 



No. DO NOT ADD an extra zero on the right of any ansvrer. If you need, 
zeros to wake your digit count correct, they must go to the left of 
the aiisv/ers. For example: .2 x .002 v/ill eo.ual .0004, not .4000. 

Return to page 23^ and select the correct ansiver. 



ERIC 
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2U 

Your decimal point should have been placed lite this: ^ 

3.217 ' .. > 

X .471 

3217 
22519 
12868 . 



• 1.515207 

If you had it any place else, retum,'to page 22 and read the rules 
again. ' 

If you did it correctly, do the follafing problems by placing the 
decimal points correctly in the product, j 

a. ^ .0035 b. 22.222 

X 3.28 X .11 



280 22222 
70 ■ 22222 
^ 105 24Wf2 



11430 



J 



7 

Turn to page i23A% 



21B . , 

There are more than U^'^igits in the deciiiial •045. Zero IS a digits 
That njakes three digits in this decimal* Ypu shoiad -use the same 
number of zeros as there are digits and mate the denominator lOOO* 
Return to page^6A and select the correct ansv^er. 



3 



\ 21 , ^ 



f 



Rl^,ht. You are now rc.ady for multipUcation. Decimals are multiplied 
just- as- whole n-jmbers are, except you have a deciraal point to put In 
the final answer (product). DISIEGAUP the decinal 'point in the first 
two steps. A sample problem ia broken into steps to clarify the process. 
PnOBJSI: .15 x'-l.io - 
P3ice the ldr,-er number OVEH the 'smaller.^ Ex. 1,10 , ' 

b. Multiply juat as you do in whole numbers. Ex, 1,10 

yt .15 

' 550 

110 • 

' - • 1650 

c. Count the number of digits to the rif^t of the decimal points in 
the factors of the problem. Ex." 1,10- and .15 - 4 digits to- the • 
ri^ht in this case, 

d. "Count off k places FRdi fflE RIQJT^in the HODOCT, and' place a 
decimal point. • Ex. .l65a (product of this problem) 



Another exar^le: 3.1 x 10.21- (would be set up and solved, like this)r 

10,21 
1021 

m ' \ 

31.651, product ^ " 



Place the D£CII-IAL POlNt in the product of this 'probleta: 

■ -t 

. 3.217- 

X .471 , 
, ' 3217 

.• 22519 
12868 

^ ' . 1515207 



Turn to page 21A. 



22 - 



37, 



23A 



AlBWEPS TO^PAGE 21A:_ a^^.OlJJ^SOjar Jb.. g.^Ujl^?, 

Let's tiy another to make sure that -you have- the detfiinal point 

placement dovn patt Solve this one: .55 x .003 



If your answer ist 
.01650* 
.00165 



Go to pafje: 
20C 



23B 



AtBVEie TO_PA(ffi aDA:_ jiji. 200 _ b._90 _ c 



Solve these problems: 

^. 289.0038 +v .992763 
c. .42 X 3.7 =- 



(SHOW ANSWERS^ 

b. .3928 - .02867 
d. 4.32 ♦ .0036 - 



VJDRK CN SCRATCH PAPER. 



Tum to page 25, 
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Very good* Care.raust^be taken with your arithrotic. It Is always 
a good idea to CHECK your multiplication and addition. This is v/here 
laost-of the errors are made^ with a few being iiade on the placement 
of the-decinal point 

Let's try tw B»re. After completing them, check yoxir arithmetic 
and decimal placement* 

a* 332.1 X .2 « b. .55 x 1.5 = 



TURN TO PAGE 19B. 



2UB ^ .2 

3#3/»66 becomes 3^#/4f6 by moring the decimal point one place. 

I'flien the divisor B a whole number and the dividend is a decimal, 

such as 33/6.4> you do not move the decimal point. Sin^jly place the 

decimal point up in the quotient directly over the decimal point in ^ 

. 

the dividend; then divide. For example: 275/3 ^M. 

Solve this: Z6/T^ 
The ansvfer to the problem, above is : (Circle yotir answer. ) 
' a. 3 — 

b. .3 

cV .03 



Turn to page 26. 
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A^teWERS TO PAGS 23B 
a, 289.003800 
289.996563 



.42 

294 
126 
1.554 



b. .39280 
• - «02867 
.36413 



1200 



d. 36/43200. 

72 
JZ2 



If you .missed any of these problems, go to the part of the program 
that teaches^^t^t type of problem and*^ read the rules* again# THEN 
correct your error . The pages that teach each function are listed 
b^low• 

ADDITION (Page 17A) 
SUBTRACTION (Page 19A) 

MULTIPLICATION (Page 22) - ' • * 

DIVISION (Pages 19B & 26) * 

This completes your lesson in decimals*. Vvferking partial numbers is 
easier v;hen you use decimals rather than fractions, so this lesson* 

c 

is very important". . 



A Self -Test be,gins on page 27. 
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26/7l8 solved is : 26/?^ 

If the dividend IS a >Aiole number. Ex: 1.^2/7^7^ add zeros and move 



the deciml point. Ex: l#32/25#00 • When the decimal has been moved 
as appropriate,- then place a decimal point in the quotient directly 



over the point in the dividend. Ex: 2.5/.ltOO and solve, 

Exaa5)le: 2^/^00 

NOTICE HOW THE QUOTIENT IS .04 AND NOT .4. THIS IS BECAUSE 25 GOES INTO 
10 ZERO TIMES, AND, INTO 100 POUR TIMES. i 



Solve the problem below: 
.064 ♦3.2 - 

If jour answer is: 



.064/3.200^ 



- .2 

3.2/:o5r 



SO. 

3.2/:^ 



Mote : ♦ is the sign for division 
and the number on thjs rj^ht 
la always the divisor. 



Co to page: 
17B " 
18B 
20A 



26 
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SELF-TEST 
DECIMALS 



!• Write, jji your cwn words, the definition of a deifimal. 



2. Match the numerical decimals in Column A with the appropriate 
\vDPd decimals in Column B, Place the letter from Column A in 
the blank next to the correct word deciml in Column B. 



A 

a, 30.04 

b. .379 
t. 1.46 
d. 90.001 



B 



^ One hundred forty-sijt 

^ Three hundred seventy-nine 
thousandths 

, Thirty and four hundredths 

^ Ninety--one thousands 

Three hundred seventy-nine- 
thousand 

Che and forty-six hundredths 
Thirty-four hundredths' 
Ninety and one thousandths 



3#. Write tlje numerical fozm of the I& Hewing word decimals: 

a. Nine and seventy-five hundredths 

b. Twelve and three tenths ' 

c. Sfeven and one hundred twenty-three thousandths 



d. Seventy-three ten thousandths 



27 



4* Change the fractions below to deciipals. 



a. 2? 

10 

b. 

5 



c. 2 " 

4 

d. i = 

2 



5. Change the decimals below to fractions. RELUCE TD LOWEiiT TISRI'5. 

r 

a. .25 = c. .105 = 

b. .9 = d. .35 = 

6. Hound off the following decimals as directed. 



NEAfesT TENTH ; 

a. .6354 - 

NEAREST HUNDREDTH ; 

b. 23.8467 - 

7. Add the following decimals;' 
a. 9.37 + 15.756 + .76 = 



NEAREST THOUSANDTH ; 
c. .05671 - 



NEAREST TEN THOUSArJDTH; 



\ d. 1.60006 - , ■ 



b. 69.333 + .12^Hvlll.l = 



c. .0055 + 7.02 + L2.367 



28 



6* Subtract the following dccinals! 
a. 13.U -^ 2.96.« 



b. .7068 - .077 = 



c. H7.3 - .93 = 



9. Multiply the follov/ing ' decimals : 
a. .03 X 10.31 = 



b. ,71 X .004 



c. 1:51 x .212 = 

1 

10. Divide the fcllovdng decinals: 
a; .08 ♦ .004 = 

b. , .00344 + 3.44 = 

c. .04 + .08 = 



\ 



END 



Answers ,to the Self-Test are found on page i in the 
front of the text. » 
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ASSIGNMENT SHEET 

This assignment sheet should be used when: 

You are to complete only^ a part of this text* 

0 Your assignment within this text is divided into two or more 
reading periods. 

Your instructcbr will make assignments by identifying specific objectives, 
text material, and review questions. 



f 


ASSIGNMENTS 




OBJECTIVES 

\Dy INO; 


TEXT MATERIAL 
\oy x'age/ 


REVIEW QUESTIONS 
fbv No) 






• 






















4 

\ 


4 


fir 


i 

<> 

/ 

3Su 





MATTER 
OBJECTIVES 



1. Write the definition of matter. 

2". List the three states of matter. 4 

3., Identify the states of matter from a given list of diagrams wbich 
show the transfer of each state of matter from one container to 
another. / 

4. Match the terras volume, mass, universal attraction, weight, 
density, inertia, porosity-, impeneti:ability with a list of 
statements describing these terras. 

5. Draw the **Magic Circle" for weight, volume, and density; and , 
write the formula for finding: 

a. weight t , 

b. ^>olume ^ 

c. density * 

6. Match the terras element, compound, molecule, and alom y 
list of statements describing these terms. 



with a 



SUGGESTED READING TIME 57 MINUTES 



ii 



1 ' 


1. The earth and the planets, or anything that can be 
.found on or in them, take up space and have weight 
(a vacuum does not have weight). 
These things are called matter. 
Matter is anything that has weight and occupies 


1 SPACE 


2. The pencil you are, writing with has weight and 
occupies space. The pencil, therefore, is 
considered 


niATTER 


3. You are surrounded by matter. The air you breathe, 
the food you eat, your own body are all matter. 
These things ^and anything that has. weight and 
occupies spa«e are caiiea . 


j MATTER 


4. The definition of matter iq^ anything that 

and . 7 


Ihas weight . 

j OCCUPIES SPACE 


5. What is the definition of matter? 

■c 

/ CONTINUE ON PAGE 3 



1 
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(From page 6A) 
2A 

You will embarrassed when you return to page 6A afid look at the dia- 
gram you said represents a solid. Go back now and think about your 
choice. You will find that it does not have the properties of a solid. 
Choose the correct one and continue the program. 



(From pages 4A or 6B) 
2B 

Good. You know how liquids react and look when transferred from one con- 
tainer to another. Gases will rfeact in a certain way/too. They will 
assume the shape and the volume of a new container p-as^j^hp^^n by helium 
being blown into a balloon. A set of diagrams showing the transfer of 
gas from one container to another would look like: 



If your answer is; 



Turn to page: 



\ 



TO 



TO 




4B 



6A 



1 ANYTHUJC THAT 
1 HAS WEIGHT AND 
' 1 OCCUPIES SPACE. 


6. Matter exists as a solid". It also exists as a * 

gas and a , liquid. ^• 
/ 

The three states in which matter exists ire ' 

i -J J 


1 SOLID' 
1 LIQUID 
1 GAS • 

1 > 


7. Water, blood, and gasoline are liquids. Steel, 
woodland ice are solids. Oxygen, COo, and waiter 
vapor are gases. Gases, solids^nd liquids 
are the three. of 

> 


1 STATES 
1 MATTER 


8. What are the three states of matter? 
1. 

^ 2. . 1 

3. - ' v/ 


1 SOLID 
1 /ilQUID ' 
1 GAS 


9. Each state of matter behaves differently when 
moved from one container to. another, Wh^n the 
■ £as from a can of "Spare Tire" is released into a 
tire, it occupies the volume and assumes the shape 
of the tire. If milk is poured from a pint bottle 
into a quart pan, will the liauid assume the shapp 
' and the volume of the pan? 

If your answer is: Turn to.page:'^ 
Yes . 4A 
No ^6B ■ 

■ . . C 
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(From page 3, frame 9) ' ' ' >. * • . ■ 

* 4A / ; 

Incorrect. It does not assume the volume o^ the pan.' If you pour the 
milk (1 pint) into the.paa (1 quart) , will' it fill, the pan? of coursfi . 
iiot,-but it will assume the shape. This is the way liquids react in the 
transfer- process. ,They^assum^ the shape but' NOT- the VOLUME. The transl 
•fer ol liquid shown as a diagram Would look like: 



If your answer is: . 




• # 



TO 




Turn to page: 



2B 



TO 




8A 



^fcom page 2B) • , ' * 

4B 

Gas will take up the entire ^pace and assume the shape of the new con- 
tainer^when transferred'. " Return to' page 23 and look at 'the diagrams; 
see which set of diagrams represents a gas and then turn to the correct 
answer page , > • . 
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ANSWER TO 2 OA 



W- DV 

W 
V 

» 

W 
D 



. 10* You are not reading-^what ydh 8h|3uld be I If you 

■had followed imtruct ions, you wouldn't be reading 
thii frame. Return to frame 9 and continue the 

program/ ' ' 

^ » 

.( Fro« page ZOk) ^ 
11* An ELEMENT itf' a subs tancey that cannot be reduced 

to simpler substances by chemical means. Gold,- 

.oxygen, and platinu^i cannot be reduc^ to 

simpler substances by means 

because they are ^ , 



ERLC 



CHEHiq^L 
ELEMENTS 



•12*^ 4i substance that cannot be broken down into a 

siifipler substance by chemical raean^ is called ^ 
a/an - ' . . 



ELEMENT 



13* Elements are the basic substances that are com- 
bined to form the mafi^ things that we know as 

ft * - <^ * . 

' compounds . Water and sugar ax^ examples of com- 
pounds because they are a combination of two or 
more elements. An element cannot be reduced to a 

^ : by 

chemical means, and a/an \ 



is made up of two or mores^ elements. 



>6c 



CONTINUE ON PAGE 7 



5- ^ 
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% i 



^ " — : "~ — , • 

(From, page ^B) . < ' .* . > 

6A « , X * . • 

O • * 

Right. You have shown that yqu l^ow a gas will take 'the size and shape 

^ • .1 

of a new container^if transferred. "So far, you know what liquids and 

gases do when they are 'transferred from one container to another,' / 

^ ' t 

Solids react entirely diffi^ntly* They assume K^IITHER the shape ^or Jhe 
volume of the new container. Move j^block of wood from a small box to 
the ba^k of a trucks It; does not change in shape^for v^olume.- Shown as ^ 
diagram, transfer of solids woi^ld look.likfi:^ . ' 

If your ^answer is: ^ * Turn to page: 



r 



. tnnm 



2A 




to 



lOB 



>'. 



(From page 3, frame 9) ^ • ^ 

6B 

Very goofl. As , you have shown, liquids 'assume the/shape of a new container 



but not the volume (unless the two'volumes ara the same). This can be 

' " 'Turn to prfge*: 



shown in a diagram, whicl? might look like: 
'If your answer is: 




to 




to 



2B 



13B 



0 * 


SuBSTANCS 
COHPOUND 


», 

14. There ere veny conncm things that ere eleaente 
or conpounde* Hydrogen, . iron, eluainua, cArboti, 
end'tln ere ell eXlaplf]^ of. 




* 


beceuee it hee been £|>und ^het they cennot ^be 

broken down or chenged into ioinethlxig • lazier 

1 

(by cneaicel meene) . ^ 




ELEMENTS. ^ 


\ 

. 15. Sotxte comoQ exenplee 'of coopoundf ere eerth^ 






voodi peper, selt, end air; In order to be 






c leased as a compound, the substence met have 


u 

% 




at leest AeiDenti. 




TWO (2) 


16« Plastic, cotton,' and air can ell be reduced to e 
materiel or substence thet is simpler or different, 


* 




since they ere made up of severel dlf ferent» ele- 
' ' met^ts* They ere knovn fs ^ 




CQtiPcnms 


17* ' Matter Is made up of very small partlcl^es celled 




•> 

• 


« atoms end molecules; These two small particles* 
ere different^ since It takes 2 or more atoms to 






make a-molecule. Another way to say It ls-«> an' 




f 


atom combined with anotheV atom br atoms -makes 






a/an • . . • 






... ' 4 ^ 




y * 
t 

1 ' 


/ ' ... 
■ _ \ ^ , ' CONTINUE ON PAGE 9 | 
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(Jrom pag?^ 4A). 
. - 8A 

1/ • ' • , . 

Wrong. The diagram shows that the liquid is a8,*umi'ng the shape and the 

volume. Liquids wilf. assume the shape and the volume ONLY when the> two 
containers have *the same volume . . This, of course, is not characteristic 
of liquids. Go to page 4A ^nd choose the diagrams showing the transfer 
of liquid from 'one container 'to another. mm- ' 



(From page lOB) 
8B 

'ANSl-reiRS TO PAGE lOB - - af L, b . S , c . G 



Identify the st^ate of matter in the diagrams below that show the transfer 
of matter from one container to another. The shaded area represents 
matter. Fill in the blank between each set of diagrams, using a G for 
gas, L .f or liquid, and S for solid. 



a. 



0. 






dnniD 



f. 



■C 



/ 



Turn to page ■ lOA 



ERIC 



MOLECULE 



MOLBCUU: 



V IP' 



I 



ATOMS 



(Fro« frame 17, page 7) . 

. 18. An atom it tht taftllMt particle of an aleacnt ^ 
that can coobine with othar atOM to form sola* 
culfti* A nolacula* la tha aa«llaat pjirt of a 

aubitance that will hava all the character lat lea 

./ 

of that aubatance«* -The analleat jpart of water 
that a till haa all the proper t lea of water la 



a/an 



19* A molecule will have all the propertlea of a aub* 
atance* The partlclea that sake up the noleculea 
and do not neceaaarlly have any of the propertlea 
of the aubatance are called , 



20. Remember that a/an 



doea not havf to 



have any of the propertlea of the aubatance of 
which It \% a^parf. The analleat particle of a 
aubatande that doea have all the propertlea of 
It la a/an " . 



CONTINUB ON PAGE lU 
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(From page 8B) 
lOA 

I 

ANSWERS TO PAGE 8B 



a. S, b. L, c. S, d. G, e. L, f. G.. 



fhere are several general properties which all matter has in common . 
These are: volume, mass, universal attraction, weight, density?, inertia, 
porosity, and impenetrability. J^ould steel have the same gejrferal proper- 
ties as wood? 

I.f your answer is: Turn to page: 

Yes ^4 14B . 

12A 



(From page 6A) 

lOB ^ . 

RIGHT, As a quick review-- liquids assume^ the^ shape but not the volume; 
gas will take both the new shape and volume; a solid will not change 
either its shape or its volume. All these transfers from container to 



r 



container^can be shown by diagrams. 
Identify the states of matter, in the diagrams below. Use G for gas, L 
for liquid, and S for solid. 



a. 
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Turn to page 8B 



(Protn page % fraiae 20) , 
llA 

. ANSWERS TO FRAME 20 • • atom, moUcule 

Identify esCch statement below as a description of either an element, com- 
^ pound*, molecule, or 4tom. Write the name in the provided blank, v- 
a. Something that is made up of $everal different elements. 



^ b. A small particle that when combined with oth^r particles of 
similar size makes a molecule. ^ 



c. This cannot be reduced to a simpler substance by ^chemical 

<»■ 

means , - 

<1. The smallest-part of a substance thaf retains all the properties 
o*f that substance. \ ^ ' 



^RN TO PAGE 14C ^ 



(From page 15A) 

IIB ' . . 

* 

Very g^ood. Apparently you know how to use the magic circle. Anyone 
of the' three properties is just as easy to find. Turn to page 17A to 
check your understanding of the magic circle. 



(From page 13A> 

lie \ . 

Your answer, water., is incorrect. Remember that density is the weight 
per volume of matter. The density of mercury is 8^0 pounds per j 

cubic foot, whereas fresb water has a density of 62.5 pounds per cubic 
foot. In other words, a^ unit volume of nercury (in this case, a cubic 
foot) weighs more than a unit volume of water; consequently, mercury is' 
denser than water. Now return to page 13A and select the correct answef. 



11 
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0 



^(Frbm page lOA) 

12A . . ^ 

Your answeff, no, is incorrect. said that there were several general 
properties w||ich all matter has in common. Even though steel and water 
are different states of matter, they are still matter; and, therefore, 
have the same^ general properties. Return tb page lOA and select the 
correct answer. 



(From page 14B) 
12B 



You're right, very good. All matter ^oVcupies ^pace; therefore, ic has 

volume. The next general property we will cover is mass. The m&asure 

' / ^ 

of the quantity of matter irt a body is called, its mass. The mass of a 
given body is constant— ^ it does not vary. As an example of mass, 
consider a sponge. It contains a definite measurable amount of mass. 
Whether we Squeeze, stretch, or soak the sjfonge in vater, the ma^s w 
not change, even, though the size and shape may be altered. The amount .of 
sponge will remain unchanged. In other words, the mass of the sponge 
will remain constant.'* 

- • \J 

If you squeeze a rubber ball^^ou are also decreasing its mass. 

r 

If your answer is: Turn to page: 

* 

True 180 ' 

False • 14A ' 



(From page l-fiA) '- ' ' > . • 

Wif'i^ht is the attractive force of the earth for a body. 
The next general property of matter we ^ill cover is density. Density 

weight of a unit volu me of'matter . Iron is denser fchah wood", 
This means that one cubic foot of iron weighs more than one' cubic foot, of | 
wood. The more matter^ (mass) there is in a given volume of a substance, 
the denser that .material is. Shown below are some examples of densities 




DENSITIES 
LBS./CU.FT. 




IRON 
475 



CORK 
15 




.Which would be denser, water or mercury? 
■ If your answer is: ' 
water 
mercury 



Turn to page: 



UC 
20B 



/ 

(From page 6B) 
13B 



Wtong, The diagram shows^ that the liquid is assuming the shape and £>{e 
volume. Liquids will assume the shape and the^ volume ONLY when^the two 
containers have the ^ame volume. This, of course, is not characteristic 
ofjliquids.' Go back to page 6B and choose the correct answer. 

. * 



ir 
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(From page 12B) ^ . 

14A 

Xou selected false, and you're right. Always remember t^att the mass of 
a given body is constant . The next general property of ma*tter we will 
cover is universal attraction . >A11 matter attracts all other/matter . 
This fact was first stated by Sir Isaac Newton, and it 'is known as -New- 
ton's" law of univers'al gravitation. As an example, the earth is bound 
to the sun by the mutual attraction of the matter contained in the sun 
and the earth. Would universal attraction have anything , to do with 
why we are Sound 'to Vhe earth? 

If your answer is: Turn to p&ge: 

Yes . 16A 

/ 

No ^ • 19B 



(From page lOA) ^' • 

14B ' ^ •■ ' . 

You are absolutely right. We said that %he general properties of matter 

were common to all matter. 1 f 

Let's now discuss each one of the general" propertjies o'f matter^ starting 

with volume. * , ' 

If mat|er occupies space,* as ,we found it does, it must have length, width, 

and height. In other-word$, volume is the measure of thy amount of s^ace 

which^matter occupies . ^ 

Does gas have volume? ' • 

If, your answer is: ^ ^ Turn to "page:. 

Yes ^ ' ^12B 

' No 15B ' • 



(From pa^ge ^lA) 

. 14C . , , ^ 

ANSWERS TO PAGE llA.: a. Compound b. At;om c. Element d. Molecule 



Thi? completes >ftte program on matterjl Review the objectives before taking 
the self-test. - - * . ^ 



14 



(From p«ge 16B) 
15A 



No. You can only put the other two values to the right of the -sign, 
thus W»VD. The formula was derived like this--- / wN * 

W - DV . 

As you notice in the circle, the V and the D are side- by side. The^ 
are also side by side when thev^re substv^t^uted in the formula. If jrou 
Vant to find the volume or thTdensity, then your formula wiU'change. 
-Vfhat is the formula for finding volume? 

If your answer is: 



W » DV 



Turn to page: 
17B 



V » WD 

V - H 



19A 
UB 



(Fr;om page 145) 
• 453 



Wrong, think again. Doesn't the air, which is a gas, occupy a 'certain 
amounti of space- in a balioon? The CO2 in a life raft occupies'a 
certain amount of space, doesn't it? The volume of gas is determined by' 
|» the size of the container in which it is contained and this quantity of 
volume is|;neasured^in cubic units, such as cubic inches, 'cubic ^-fee«, etc. 
Now r^T^jirn, to page 14B and select, the correct answer. 



(From page ISA or l^C) 
15C 



1*r9ng, The formula f. or/ finding, volume is not / = 




not V = WEK The magic circle 



has the W OVER the D. It would become V = W 

. D- 



Turn to page 17A and continue the program. 



15 



I 



(rrotn page 14A) • \ , 

16A V ' - . . 

You're right We ^ e attracted to th% earthf as i^ the earth attracted 
to us by universal attraction (gravitation). Of course, the farther \ 

theL ini'J' "'^JT^^'" " ''>'^^ less gravitational attractior 

there will be on that body, , • / 

Now, let's mov6 oa to the next general property of matter weight. 

The attraction ot the earth for a bpdy acts as a pull on that body. We 
may say that the earth exerts an .attractive force on the body. The 
measure of- tfae attractive force of the ear^h ror a body is cabled 



the 



weight. of the body . As an example, if you weigh 145 "pounds T t\ife^nail of 
your body and the mass of the earth mutually attract each ofheAwith a 
fares of 145 pounds. Therefore, weight is -X 



Turn to- page 13A 



(From page 19C) 
16B 




Answers from page 19C. 1 -G, 2 - E,"-3 - F, 4 - A. /5 - B. 6 - C 

7 - D, 3 - H. . . 

Now let me introduce you^to the "Magic Circle." 

" W- Weight 

V» Volume - ^ ^ 

D« Density . ' 

There ^is nothing magic about' it, but it does mak&' memory work a little 
easier. W^th it,We can find any ONE of three characteristics of mattef 
(volume, density, or weight). You must know two in order to find the 
tnird. To do this, take the one you wish to find from the circle and 
place the letter to the left of the = sign. Then place the'other two, 
just as they appear in the circle, to the right of the = sign. ..For 
m-stance, if you wish to fiod the weight of an object, take the W out 
of the circle, put an = sign after it, and plice the remaining two known 
values after the = sign like this: ' 



If your answer is: ^ 



" VD 



Turn^to page: 
V 13A ' 



W =DV 



W =1 

D 



13A' 
180 



16 

337 



(From p«ge IIB, 15C, 18A, 18C, or 19A) • • 

17A 

Right! You ihould be.-ready for a test in writing foroulv «nd the B«g\c 
circle. If you don't A«l you can derive a fonaula from the magic circl< 
return td page l6C-and go through, the frames on the magic circle again: 
otherwise, draw. the magic circle and write the formula for findine 
density. ' - ' , 

Magic Circle • ^ po^aula 



( 



Turn to page 18B for answer 



(From page 15A) ' — - 

17B * • * - 

I? = pv is the formula for finding weight,riot voluaje. The unknown jfes t go 
to the. left of the - sign; so, for finding, volumi, the V goes, to the left 
Retum_to page 15A and select tAe correct formula asyyou get it 



from the magic circle 



(From page- 22A) 

17C „ . 

Yes, water will seep through a cement block 'foundation unless the blocks 
are waterproofed because of the porous nature of cement. . ;■ 
The- last general property of matter we wi^ cover is impenetrability .' 
No two objects can oc cupy the same space at the same time because all 
matter is impenetrable. A nail driven intp a board does not penetrate 
the wood, but pushes the fibers aside. The drawing shown below illus- 
trates the impenel^^rability of matter. Explain why. ''^ 




CONTINUE ON PAGE 22B 
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(From page 16B) " ' 

18A ; ■ . . . ' 

Very good. As you have indicated by your fonnula, the W is taken from 
the magic circle and placed t6 the left of the * sign. The V and the D 
are side.by side. This, of course, means volume times density - weiKht 
If^you were going to find , the- volume of an object, the formula wouU be- 
If -your answer is: • Turn to page: 



V = WD • 
' D 



15C 
17A 



(From page^l7A) 
18B 



ANSWERS TO PAGE 17A: 




and D» i 

V 



Turn to page 20A 



(From pdge 16B) 
18C 



No. W« ^ is not correct. If you take tlie W from the magic circle, 



to find Height you will have this 



W 



The V and the D are sid^ by side. It is als^that way in the formula. 
W=DV means weight equals vo4^e times density. 

If you want to find the volume of an object, you substitute from the 
magic circle and have this formula: 



If your answer is: 
V» WD 



Turn to page: 
15C 
17A 



(From page 12B) 

' 18D 



Wrong. Remember, we said that the mass of a tjlven body is constant - 
it does not vary. By squeezing the rubber ball, ^(%1 we have done is 
change its volume. Now return to page 12B and select the correct 
answer^ \. 



18 



(From page 15A) * 

19A - ■ , 

Draw a magic circle .... Now look at the W and the D. 

Are they side by s.ide as you indicated In your fonnula? As yqu have' 
noticed by now, the W is OVER the D wi«i''a line between them. The 
problem asked for the fonnula for finding volume. As you take the 
letters from the magic circle," they will fall right into their proper 
plac«s and look like this: ' 



V- w 



Turn to page 17A and continue the program. 



(From page 14A) 

19B " • / 

Your answer, no, is incorrect. Remember, universal attraction means 
that all mdtter attracts all other matter. Therefore, we are bound to' 
the earth s surface by a certain force because of the attraction between 
our bodies and the ^rth's surface. 
Now return to page 14A and select the correct answer. 



(From page 22B) 
i9C 

Match the terms with the' statements, 



1. Weighty 
2^ Volume^ 
3. Mass ^ 



4. Universal ' 
attraction 

5. Density 



6. Inertia 



7. Porosity 



8. Impenetrability^ 



A. All matter attracts all other matter 

B. The weight of a unit volume of matter 

C. flatter lacks the ability to either start or 
stop itself, ' J 

D. All matter is-granular (space between parti- 
cles). 

E. The measure of the amount of space which 
matter occupies * ' 

F. The measure of the quantity of matter'' in "a 
body. It is constant. 

G. The measure of the attractive force of the 
earth for a body 

H. No two objects can occupy the same place at 
the same time. 



CONTINUE ON PAGE 16B 
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Draw the magic circle for weight, density, and valume, dnd write the for- 
mulas for finding weight, density, and volume. 

Magic Circle "here: Formulas here: ' 



Turn to page 5, frame 11 



(From page I3A) 
20B 

Very good; Mercury is denser than water, iCemember, we said that density 
is the weight of a unitWolume of matter. The density of water (fresh) 
is 62.5 pounds per cubic foot, whereas the density of mercury is 
approximately 850 pounds per cubic foot. - ^ 

The next general property df matter we will cover is inertia. According 
to 'Newton's law of inertia, a body continues in it$ state of rest, o^ 
uniform motion, unless an unbalanced force acts on it. In other words, 
matter lacks the ability to either start or stop itself . Some examples 
of inertia are— the inability to stop a speeding ^ar when the brakes 
fail and the inability of an aircraft to make a carrier landing without 
arresting gear. In the sketch shown below, the inertia of the coin 
('inability to start itself) allows us to flick the card from under it, 
.and the coin drops directly into the glass. 




Would inertia ever be a factor on your body if you were a passenger rid- 
ing in an au'tomobile? Yes /No I 



Give an example, _ 



Turn to page 21A 
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(From page 2DB) 



Ilk 



Yes, it would. An ex4mple might be as follows: If you were a passenger 
.riding in a car traveling at 60 miles per hour and the car stopped ' 
suddenly, what would be the action of your body if you were not wearing 
seat belts? According to the Uw of inertia, 4 body in motion continues 
in motion unless acted upon by ati outside force. Thei^efore, your body 
would be thrown forward and- through the windshield. If the car acceler- 
ated suddenly, the action of your body wou\d be'being thrown against th€ 
back of the seat. These* are both e^^mples of inertia. 
Porosity is the next general property, of matter we will cover. Alj, 
matter is granular, that is, it has space or pores between the particles. 
The amount of space between the particles depends upon the structure of 
the material. In the sketch shown below, notice that when a pint of 
water and a pint of alcohol are mixed, they do not equal a quart of the 
mixture. ' ' 




WATER 




ALCOHOL 




MIXTURE 



This would suggest thc->tpche alcohol partially fills the spaces between 
the particles ot( water. 



CONTINUE ON PAGE Ilk 
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(From page 2iA) * ^ 

22k 

To illustrate the point more clearly, look at the illustration below. 




COARSE 
GRAVEL 




SANO 




COARSE GRAVEL 
AND SANO 



If we had two similar containers, oive filled with gravel and one filled 
with sand, and if both of these containers were emptied into a larger 
one, the container with the sand and gravel mixture would not be com- 
pletely full, because the sand would fill the spaces between the gravel. 
Could water seep through the cement foundation of a house? Yes /No 



Why? 



Continue on page 17C 



(From page 17^) 
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Impenetrability of matter is shown in the illustration because the water 
level ri^es. The object being lowered into the water takes some of the 
water's space, which indicates that no two objecits can occupy the same 
place at. the same time. 



Continue on page 19C 
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SELF-TEST 
, MATTER 
1-. Write the definition of matter. 



2. List the three states of matter. 
1. 



2. 



3. Identify Che state of matter by writing a G for gas, S for solid, , 
and L for liquid in the spaces provided between each set of diagrams, 
showing the transfer of states- of matter from container number 1 to 
container number 2. The lined area represents the space' occupied by 
matter'. . 

CONTAINER NO. I CONTAINER NO. 2 



a. 





nrrrmt 
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4. Match the terms volume, .mass , universal attraction, weight, density, 
inertia, porosity, and impenetral^ility with the. list o-f statements 
describing these terms. \ 



1. Weight 

2. Volume 

3. Mass 

4. Universal 
attraction 

5. Density 

6. Inertia ^ 

7. Porosity 

8. Impenetrability 



5. 



6, 



_^ A. All matter attracts all ot-her matter. 

B. The.,weight of*a unit volume of matter. 

C. Mac^ter laicks. the ability^ to either 

— start or stop itseif 

D. All matter is granular (space bei'ween 
particles) . 

E. The measure of the amount of space 
"~ • which matter occupies. 

F. The measure of the quantity of matters 

— in a body. It is constant. ^ ^ 

— G. The measure of the attractive force of* 

the eatfh for a body. 

H. No two objects can occupy thcs^ane 
place at the same time. 

» 

Draw the .'*Magic Circle" for weight, volume,' and density, and write 
the correct formula for finding .each of them. • 

Weight . Draw the magic circle here 

Volame.---- ' ' ^ 

Density ' . . 

Identify each of the following pBrases or statements ''as ah. elelneht , 
compound^, molecule, or atom. Place the correct name in the space 
provided below the statement* ' * - , 

a. Matter that contains several different , element's . 



b. The smallest particle of an element that can cpifcbine with 
pther particles to form molecules . 



c. Water, trees, dirt, and snow are all examples of 



0 



d. Gqld, hydrogen, and mercury cannot.^. .reduced to a s,fmpler sub^ 
stance by chemical means. They .«e known a5 



e. A substance that is broken down to^the smallest particle possible 
and still retains all the properties' of that substance is a/an 



f. Each particle that combines with other particles to form a mole- 
cule is called a/an 



g. Matter that cannot be reduced to a simpler substance by chemical 
means is known a^ a/an 
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